1. Introduction {#sec1-1}
===============

Acute heart failure (AHF) is defined as a life threatening clinical syndrome with rapidly developing or worsening typical heart failure (HF) symptoms and signs requiring emergent treatment. Number of patients referring to emergency departments with AHF rise parallel to the increase of elderly individuals in population, in accordance with the increase of patients with asymptomatic left ventricular dysfunction and HF. Long and frequent hospitalizations, intensive medical treatment and expensive interventional methods for reducing the mortality bring considerably high costs in the treatment of AHF.

Turkey is a country with a high cardiovascular mortality rate- and recent national statistics show that the population structure has turned to an 'aged' population ([@ref1]). As a consequence, AHF has become one of the main reasons of admission to cardiology clinics. Management of AHF in Turkey generally follows two international guidelines, either ESC Acute and Chronic Heart Failure Guidelines or ACCF/AHA Heart Failure Management Guidelines ([@ref2], [@ref3]). Novel specific AHF guidelines, like NICE ([@ref4]) and the consensus paper of the Heart Failure Association of the ESC, the European Society of Emergency Medicine and the Society of Academic Emergency Medicine ([@ref5]) do also take attention of cardiologists. However, Turkish AHF patients show some epidemiological differences than European or American AHF patients and some pharmacological (e.g. toracemide, amrinone, nesiritide, etc.) and non-pharmacological treatments (e.g. left ventricular assist devices except in cardiac transplantation centers) are not available in the country. Therefore, a consensus report on the diagnosis and treatment of AHF highlighting easily accessible approaches seemed to be beneficial for clinical practice.

There are several national articles covering different clinical manifestations and their appropriate treatment approaches in AHF ([@ref6]). However, number of randomized controlled clinical studies on AHF has increased over the recent years leading to new evidences and changes in recommendations on various topics. Therefore, an update was inevitable.

This consensus report on the Diagnosis and Treatment of AHF was developed by acknowledging these factors and focused specifically on the management of AHF in emergency departments and hospitals. It summarizes (a) clinical and prognostic classification of AHF on admission, (b) its epidemiology and prognosis, (c) initial diagnostic work-up, (d) principles of approach in emergency department, intensive care unit and ward, (e) treatment in different clinical scenarios and approach to special conditions and (f) how to plan hospital discharge. Two valuable authors (Dr. Kumudha Ramasubbu and Dr. Biykem Bozkurt) contributed to the report by drawing up arrangements during discharge.

The report does not aim to replace international guidelines or classical textbooks. Hence, classifications like 'class of recommendation' or 'level of evidence' were avoided. Treatment algorithms in the report were formed by the consensus of contributing authors.

Topics were elaborated in accordance with current guidelines and reflect the latest data. Treatment approaches which are not available in Turkey were briefly mentioned if there is adequate information about them. Nevertheless, it is inevitable to update management strategies within the next years following the termination of ongoing/future randomized controlled trials.

2. Classifications of acute heart failure {#sec1-2}
=========================================

Despite having various clinical manifestations, AHF mostly presents with difficulty in breathing and/or signs of congestion. Thus, it can also be called a syndrome. AHF is classified into two groups according to the presence/absence of previous HF:

Worsening (decompensated) HF - Preexisting and stable HF that worsens suddenly or progressively is described as decompensated AHF.New (de novo) HF - There is no known previous HF. Symptoms and findings appear suddenly after an acute event \[e.g. acute myocardial infarction (AMI)\] or gradually in the presence of asymptomatic left ventricular systolic and/or diastolic dysfunction.

Former ESC guidelines on Heart Failure ([@ref7]) had classified patients into 6 categories on the basis of clinical presentation:

1-Acute decompensated congestive HF is the exacerbation of chronic HF characterized by gradual onset peripheral edema (often significant) and dyspnea (usually).2-AHF with hypertension is defined as very rapid (often) onset of high systolic blood pressure (SBP) associated with pulmonary congestion and tachycardia due to sympathetic tonus increase, preserved left ventricular ejection fraction (LVEF), and relatively low mortality.3-AHF with pulmonary edema is characterized with rapid or gradual onset of severe respiratory distress, diffuse rales in lungs with tachypnea and orthopnea and an arterial oxygen saturation (SaO~2~) \<90%.4-Cardiogenic shock is a highly fatal clinical syndrome with gradual or rapid onset organ/tissue hypoperfusion, oliguria/anuria associated with a SBP \<90 mm Hg, cardiac index \<2 L/min/m^2^ (or \<1.8 L/min/m^2^ in severe cardiogenic shock), urine output \<0.5 mL/kg/h.5-AHF complicating acute coronary syndrome (ACS) is characterized by increase of left ventricular (LV) diastolic filling pressure and/or decrease of cardiac output due to myocardial ischemia or infarction.6-Isolated right sided AHF is a clinical picture with rapid or gradual onset edema, jugular venous distention and hepatomegaly, often with clear lungs associated with hypotension, low LV filling pressure, and low cardiac output.

Different clinical manifestations of AHF can also be dealt in 5 clinical scenarios according to hemodynamic characteristics on admission as hypertensive, normotensive, hypotensive (with or without shock), developed on the course of ACS and acute right HF ([Table 1](#T1){ref-type="table"}). Each clinical scenario requires a specific treatment approach which is addressed in the following sections.

###### 

Demographical and clinical characteristics of 5 clinical scenarios of acute heart failure[\*](#t1f1){ref-type="table-fn"}

  Clinical scenario   Demographical characteristics   Clinical characteristics                      Clinical presentation
  ------------------- ------------------------------- --------------------------------------------- ------------------------------------------------------------------------------------------
  CS-1                Hypertensive AHF                Advanced age, women, DM, LVH, obesity, HT     Pulmonary edema is predominant
  CS-2                Normotensive progressive AHF    Other findings of dyspnea and/or congestion   Systemic edema is predominant
  CS-3                Hypotensive progressive AHF     Hypoperfusion and/or cardiogenic shock        Minimal systemic and pulmonary edema
  CS-4                Acute coronary syndrome                                                       Symptoms and findings of ACS (high troponin alone is not enough)
  CS-5                Acute right HF                                                                Right ventricular dysfunction and systemic venous congestion findings No pulmonary edema

AHF - acute heart failure; BP - blood pressure; CS - clinical scenario; DM - diabetes mellitus; HT - hypertension; LVH - left ventricular hypertrophy.

Adapted from reference 6

3. Epidemiology {#sec1-3}
===============

Hospital admissions due to AHF have risen in recent years parallel to the increase of HF incidence and prevalence. This increase-probably a result of improved management of AMI- and chronic HF-mainly occurred between years 1980-2000 and hospital admission rate remained relatively at the same level between years 2000-2010 ([@ref8]).

More than 80% of hospitalized AHF cases are over age 65 years ([@ref9]). Also, HF is reported as the cause of hospitalization in 20% of cases older than 65 years ([@ref10]). In wide-scale registry studies, 37-52% of cases admitted to hospital were female. Percentage of male patients was higher among younger patients but female patients predominated in advanced ages ([@ref11]-[@ref15]).

Most of the patients hospitalized due to AHF have decompensated HF and ratio of de novo HF is reported between 23-44% in different registry studies ([@ref11], [@ref12]). Underlying reason is ACS in approximately half of the latter cases. About 30-50% of the AHF patients have preserved LVEF Hypertension, left ventricular hypertrophy and diabetes are more likely to exist in AHF with preserved EF (HFpEF) compared to patients with reduced LVEF.

In-hospital mortality rate of AHF is similar to AMI and ranges between 4-7% in registry studies ([@ref12], [@ref16], [@ref17]). Not only mortality, but also lengths of hospital stay and re-admission rates are higher in AHF. Average hospital stay was 9 days in EuroHeart Failure Survey II (EHFS II) ([@ref12]). Nearly half of the cases were followed in intensive care unit (ICU) and mean follow-up period was 3 days. Duration of hospital stay was extended in cases who needed vasoactive medication and increased up to \~13 days (10-19 days) in patients with cardiogenic shock. Re-hospitalization rates in 30 days and in 6 months after hospital discharge were 20% and 50%, respectively ([@ref18], [@ref19]). Mortality is higher at second and third hospitalizations ([@ref20]).

3.1. Prognostic classification {#sec2-1}
------------------------------

Three classifications are frequently used in prognostic evaluation of AHF patients. Two of them are developed for AHF patients presenting during an ACS \[Killip ([@ref21]) and Forrester ([@ref22])\] and the third (Nohria-Stevenson) ([@ref23]) is used for patients with cardiomyopathy. Therefore, first two can be used for new onset AHF and the third for worsening HFF Killip classification ([Table 2](#T2){ref-type="table"}) is based on clinical findings, whereas Forrester classification ([Table 3](#T3){ref-type="table"}) is formed on invasive hemodynamic findings. Mortality increases in accordance with the class in both classifications. Nohria-Stevenson classification-proposed for decompensated AHF-is a clinical classification made by evaluation of perfusion (cold-hot) and congestion (wet-dry) (see [Figure 1](#F1){ref-type="fig"} for further details). In this classification, short-term mortality is relatively low in A (hot and dry) and B (hot and wet) groups and higher in L (cold and dry) and C (cold and wet) groups (they respectively carry a 2-2.5 times higher risk according to group A) ([@ref23]).

###### 

Killip classification ([@ref21])

  Class   Physical examination findings
  ------- ---------------------------------------------
  I       No S3 and rales
  II      Rales exists in less than half of the lungs
  III     Rales exists in more than half of the lungs
  IV      Cardiogenic shock

###### 

Forrester classification ([@ref22])

  Class   Findings                                                  PCWP (mm Hg)   CI (L/min/m^2^)
  ------- --------------------------------------------------------- -------------- -----------------
  I       Normal                                                    \<18           \>2.2
  II      Pulmonary congestion                                      \>18           \>2.2
  III     Low output                                                \<18           \<2.2
  IV      Low output and pulmonary congestion (cardiogenic shock)   \>18           \<2.2

CI - cardiac index; PCWP - pulmonary capillary wedge pressure

![Nohria-Stevenson classification\* ([@ref23])\
^a^Orthopnea, paroxysmal nocturnal dyspnea, pulmonary rales, S3 gallop, increase in systolic pulmonary arterial pressure, increase in jugular venous pressure, hepatojugular reflux, hepatomegaly, edema, ascites\
^b^Narrow pulse pressure, cold extremities, mental change, sleepiness, Cheyne-Stokes respiration, hypotension, renal dysfunction, decrease in diuresis, hyponatremia, acidosis. CI - cardiac index; PCWP - pulmonary capillary wedge pressure\
\*Adapted from reference 23](AJC-15-860-g001){#F1}

3.2. Acute heart failure in Turkey {#sec2-2}
----------------------------------

HAPPY study ([@ref24]) investigated epidemiology of HF in Turkey and estimated the prevalence HF and asymptomatic LV dysfunction in adults older than 35 years as 6.9% and 7.9%, respectively. These ratios were relatively higher than the prevalence in American ([@ref25]) and European ([@ref26]) countries, which have an older population compared to our country.

"Turkey Acute Heart Failure Diagnosis and Treatment Survey - TAKTIK Study" was conducted by the Working Group on Heart Failure of the Turkish Society of Cardiology to obtain data on AHF between 2007-2010 ([@ref27]). Responses to questionnaires were collected via internet from 36 sites participating to the study and findings of 558 patients were compared with the European and American data in [Table 4](#T4){ref-type="table"}. TAKTIK study showed that AHF patients in our country were \~10 years younger than American and European patients and main etiology of HF was coronary artery disease (CAD). Most frequent factors accompanying/triggering decompensation were heart valve diseases (46%) and noncompliance to treatment (34%). The relatively lower frequencies of hypertensive AHF and AHF with preserved EF was remarkable. Low rate of optimal medical therapy was also a problem for our country as in other countries. Interestingly, ratio of evidence-based treatment did not increase significantly even after hospital discharge. Usage of ACE-I increased from 50% on admission to 54% at discharge, beta-blockers increased from 46% to 57%, and aldosterone antagonists from 40% to 52%. The only agent that was prescribed more than on admission was digoxin with an increase from 4% to 33%. OPTIMIZE-HF study ([@ref28]), showed that discontinuation of beta-blockers in patients who have been using these drugs before hospitalization was associated with a higher mortality. In TAKTIK study, beta-blockers were discontinued in 13% of the patients, never started in 30%, continued in 33% and initiated in 24% of the patients. The corresponding ratios in OPTIMIZE-HF study were 3%, 13%, 57% and 27% respectively. All these findings suggest, that the ratio of patients at high risk is higher in our country (43% vs. 16%) compared to OPTIMIZE-HF population.

###### 

Data of patients on hospital admissions at TAKTIK and other registry studies

                              TAKTIK27   EHFS-II12    ADHERE11      OPTIMIZE-HF28
  --------------------------- ---------- ------------ ------------- ---------------
                              (n=558)    (n=3.580)    (n=105.388)   (n=48.612)
  Mean age (years)            62±13      70±13        72±14         73±14
  Female (%)                  38         39           52            52
  New onset HF (%)            24         37           23            12
  CAD (%)                     61         54           57            50
  Hypertension (%)            53         63           73            71
  Diabetes (%)                40         33           44            42
  Atrial fibrillation (%)     32         39           31            31
  COPD(%)                     20         19           31            28
  CRF (%)                     16         17           30            20
  SBP (mm Hg)                 125±28     \-           144±33        143+33
  SBP \< 90 mm Hg (%)         3          2            1             8
  SBP 90-140 mm Hg (%)        78         48           70            44
  SBP \>140 mm Hg (%)         19         50           29            48
  Peripheral edema (%)        65         23           66            85
  Cold extremities (%)        34         \-           \-            \-
  ACS (%)                     29         30           \-            15
  Arrhythmias (%)             30         32           \-            14
  Valvular disease (%)        46         27           \-            \-
  Infection (%)               22         18           \-            15
  NC to treatment (%)         34         22           \-            9
  Hemoglobin (g/dL)           12.4±2.1   \-           12.4±2.7      12.1+3.4
  Creatinine (mg/dL)          1.4±0.9    \-           1.8+1.6       1.8+1.8
  Troponin I (mg/dL)          2.2±9      \-           \-            0.1 (median)
  Left ventricular EF (%)     33±13      38±15        34±16         39±18
  EF \>%40 (%)                20         34 (\>%45)   37            51
  Diuretic (%)                62         71           41            66
  ACE-I (%)                   50         55           70            40
  Beta-blocker (%)            46         43           48            53
  ARB (%)                     10         9            12            12
  MRA (%)                     40         28           9             7
  Digoxin (%)                 4          26           28            23
  In hospital mortality (%)   3.4        6.7          4             3.8

ACE-I - angiotensin converting enzyme inhibitor; ADHERE - Acute Decompensated Heart Failure National Registry; ACS - acute coronary syndrome; ARB - angiotensin receptor blocker; EF - ejection fraction; EHFS-II - EuroHeart Failure Survey II; CAD - coronary artery disease; CRF - chronic renal failure; COPD - chronic obstructive pulmonary disease; HF - heart failure; MRA - mineralocorticoid receptor antagonist; NC - non-compliance; OPTIMIZE-HF - Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure; SBP - systolic blood pressure; TAKTİK; Turkey Acute Heart Failure Diagnosis and Treatment Survey

4. Clinical evaluation {#sec1-4}
======================

4.1. Causes and precipitating factors of acute heart failure {#sec2-3}
------------------------------------------------------------

The causes converting stable chronic HF to decompensated HF are called precipitating factors which can be divided into two groups as cardiac and non-cardiac ([Table 5](#T5){ref-type="table"}) ([@ref29]). These factors are also observed as reasons leading to acute failure in de novo HF. Nevertheless, cause of decompensation cannot be exactly determined in one fourth of decompensated AHF patients.

###### 

Precipitating causes of acute decompensated or *de novo* heart failure

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Cardiac                                                                        Non-cardiac
  ------------------------------------------------------------------------------ -----------------------------------------------------------------------------------------------------------------------------
  **Treatment non-compliance**                                                   **Endocrinological diseases**

   1. Sodium and fluid intake                                                     Diabetes, thyrotoxicosis, hypothyroidism, etc.

   2. Non-compliance with drug treatment                                         

  **Pulmonary diseases**                                                         

  **Ischemic heart disease**                                                      Pulmonary emboli, asthma, COPD

   1. Acute coronary syndrome                                                    

   2. Mechanical complications of AMI                                            **Infections**

   Pneumonia, influenza, sepsis, etc.                                            

   3. Right ventricular MI                                                       

  **Valvular heart disease**                                                     **Cases increasing**\
                                                                                 **blood volume**

   1. Valvular stenosis                                                          

   2. Valvular regurgitation                                                      Anemia, shunts, beriberi,\
                                                                                 Paget disease

   3. Endocarditis                                                               

   4. Aortic dissection                                                          **Renal failure**\
                                                                                 **Drugs and addictions**

  **Cardiomyopathies**                                                           

   1. Peripartum CMP                                                              Drugs leading to sodium retention (e.g. steroids, tiazolidinediones, NSAI\'s), excessive alcohol or illegal drug addiction

   2. Acute myocarditis                                                          

   3. Pericardial tamponade                                                      

  **Hypertensive/arrhythmic**                                                    

   1. Hypertension                                                               

   2. Acute arrhythmias (e.g. AF, tachyarrhythmias, serious bradycardia, etc.)   **Others**\
                                                                                  Cerebrovascular event,\
                                                                                  surgical intervention

  **Concomitant usage of negative inotropic drugs**                              

   Verapamil, beta-blockers,\                                                    
   diltiazem, nifedipine, etc.                                                   
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AF - atrial fibrillation; AMI - acute myocardial infarction; CMP - cardiomyopathy; COPD - chronic obstructive pulmonary disease; MI - myocardial infarction; NSAI - non-steroidal anti-inflammatory drugs

Main cardiac causes of decompensation are uncontrolled hypertension (10.7%), non-compliance to dietary (5.5%), and/or pharmaceutical recommendations (8.9%), pericardial tamponade, aortic dissection, arrhythmias (13.5%), ischemia and ACS (14.7%). Get With The Guidelines-Heart Failure Survey (GWTG-HF) examined the features of nonadherent patients to reduce rehospitalization for this population ([@ref30]). Results of the study revealed that nonadherent patients had reduced EF, higher BNP levels and greater signs of congestion. Despite their higher risk profile, they had lower in-hospital mortality suggesting more stringent sodium and fluid restriction might be helpful for these patients.

Arrhythmias are one of the most common precipitating factors for acute HFF Among the arrhythmias, atrial fibrillation (AF) is the most common arrhythmia in patients presenting with acute decompensated HF. AF may lead to worsening of symptoms and even hemodynamic deterioration. Almost 40% of patients admitted to the hospital with the diagnosis of acute HF have AF. It also increases risk of thromboembolic complications (particularly stroke) and is associated with increased mortality. Therefore, ventricular rate control or rhythm control in presence of hemodynamic deterioration is very important. Also, anticoagulation should be given for the prevention of thromboembolic complications.

Leading non-cardiac causes are pulmonary diseases (15.3%), infections, worsening renal function (6.8%), anemia, endocrinological diseases and drug side effects, particularly nonsteroidal anti-inflammatory drugs.

Among the above mentioned factors, ACS is the major cause for de novo HF (42%), whereas valvular diseases, infections and treatment non-compliance more frequently lead to decompensated AHF. In patients with preserved LVEF, main causes of hospitalization are hypertension and non-cardiac factors ([@ref31]).

Specialized HF clinics-currently few in numbers in Turkey-, raising patient awareness and post-discharge care at home may decrease rate of hospitalization. Main preventive measures for re-hospitalization are optimization of medical treatment, revascularization, device treatment and prophylactic influenza vaccination.

4.2. Symptoms and clinical findings {#sec2-4}
-----------------------------------

Clinical presentation in different clinical scenarios has been explained elsewhere in the text (See Section 2 and 6.1). Patients with AHF syndromes present with signs and symptoms of systemic and/or pulmonary congestion. Pulmonary congestion is associated with pulmonary venous hypertension often resulting in pulmonary interstitial and alveolar edema. Main clinical signs of pulmonary congestion include dyspnea, orthopnea, rales and a third heart sound. Systemic congestion manifests clinically by jugular venous distention with or without peripheral edema. Gradual increases in body weight are often observed. Elevated LV filling pressures (hemodynamic congestion) may be present days or weeks before the development of systemic and pulmonary congestion, which necessitate the hospital admission. This "hemodynamic congestion," with or without clinical congestion, may have deleterious effects including ischemia and LV enlargement resulting in secondary mitral regurgitation.

4.3. Diagnostic methods {#sec2-5}
-----------------------

### 4.3.1 Electrocardiogram {#sec3-1}

12-lead ECG should be performed at initial evaluation in all AHF patients and cardiac rhythm should be monitored. ECG is almost always abnormal in patients admitted with AHF ([@ref32]). It may provide information about the etiology (ischemia, infarction etc.) or precipitating factors of AHF if they exist (e.g. arrhythmia) and suitable treatment can be planned. Abnormalities like QRS prolongation or junctional rhythm in the ECG obtained on admission have also prognostic importance and are associated with higher in-hospital and follow-up mortality ([@ref33]).

### 4.3.2 Chest X-ray {#sec3-2}

Chest X-ray is one of the routine diagnostic methods in patients hospitalized with suspected AHFF Cardiac enlargement and pulmonary congestion (vascular redistribution, interstitial, alveolar or pleural edema) or alternative causes of dyspnea like pulmonary disease can be determined. Nevertheless, a normal chest radiogram, which is observed in \~20% of cases, does not exclude AHF diagnosis.

### 4.3.3 Laboratory investigations {#sec3-3}

Routine biochemical examinations that should be performed during hospital admission include hemogram, blood glucose, urea, creatinine, BUN and estimated glomerular filtration rate (eGFR), electrolytes and transaminases, C-reactive protein, and thyroid stimulating hormone (TSH) level if available. Biochemical analysis can provide information on the precipitating factors of AHF (e.g. anemia, infection, hyperor hypothyroidism, renal failure etc.) and assist in deciding for suitable drug treatment.

Creatinine and electrolytes should be monitored at short intervals (daily during IV treatment, in 1-2 days after starting oral treatment) during AHF treatment. Renal functions worsen in 25% of patients during treatment and persistence of this deterioration is a sign of bad prognosis, especially if it is combined with ongoing signs of congestion ([@ref34]). Approach to renal dysfunction developed in AHF patients is summarized in Section 6.2.

Liver function abnormalities are detected in about 75% of AHF patients and are closely related to the severity of disease and clinical findings ([@ref35]). In bilateral and right sided AHF, cholestatic type (total bilirubin, gamma glutamyl transferase, alkaline phosphatase) liver dysfunction is detected in patients with moderate-to-severe tricuspid insufficiency, whereas in left sided AHF and hypotension (SBP \<100 mm Hg) transaminase elevation is present. All liver function tests except for alkaline phosphatase may be abnormal in patients with poor NYHA functional class. Liver dysfunction almost always recovers after AHF treatment.

In suspected ACS, myocardial injury biomarkers should be obtained. However, elevation of these biomarkers alone does not confirm presence of myocardial infarction, because in 30-50% of HF cases, cardiac injury biomarkers can increase (even without myocardial infarction) and should be interpreted as an adverse prognostic sign in these patients. In suspected AMI, at least one of the following signs must be present to establish the diagnosis: significant rise and/or fall of the markers, accompanying ischemic symptoms, new ischemic ECG changes, loss of myocardial function on non-invasive testing. Oxygenation should routinely be assessed by pulse oximetry in emergency department and ICU. Arterial blood gas measurement should be reserved for patients with signs of dyspnea or hypoxia. It is beneficial in detecting respiratory failure and acidosis in AHF patients.

Oxygen saturation and partial oxygen pressure should also be evaluated while planning non-invasive/invasive ventilation. Arterial puncture may sometimes be difficult and venous samples may be helpful for evaluation of blood gases in these cases. The cut-off limits for interpretation of arterial acidosis and hypercapnia from venous samples are pH of blood \<7.32 and pCO2 \>51.3 mm Hg ([@ref36]).

### 4.3.4 Natriuretic peptides {#sec3-4}

Natriuretic peptides have well-known diuretic, natriuretic, and vasodilatory properties. The cardiovascular actions actually belong to atrial natriuretic peptide (ANP) and B-type natriuretic peptide (BNP). C-type natriuretic peptide affects mainly vascular endothelial system rather than the heart ([@ref37]).

The most extensively studied member of the family is BNP which is synthesized in response to the ventricular wall tension. BNP is a hormone consisting of 32 amino acids including the 17 aminoacid ring form (single ring) which is specific to all natriuretic peptides. Inactive NT-proBNP and biologically active molecule BNP are secreted into blood in equimolar amounts, therefore both can be used to assess ventricular tension. ANP is stored in atrial granules and can be released in a significant amount into blood even by a slight stimulus. However, measuring the level of active ANP molecules is not practical in the clinical setting because it has a relatively short half-life. Attempts to measure its biologically inactive portion (NT-proANP) have also been unsuccessful ([@ref38]). However, MR-proANP (mid-regional proANP the antigenic region in central of the precursor molecule) can be measured. BACH study ([@ref39]) showed that a cut-off limit of 120 pg/mL is non-inferior to BNP for diagnosing AHFF

BNP or NT-proBNP should be measured for the initial evaluation of suspected AHF. Especially in the differential diagnosis of dyspnea, both BNP (\<100 pg/mL) and NT-proBNP (\<300 pg/mL) are valuable to exclude AHFF A clear consensus does not exist on repeated measurements of natriuretic peptides during hospitalization. Nevertheless, in patients with ongoing symptoms repeated measurements may be helpful in directing therapy. BNP/NT-proBNP levels measured prior to discharge can provide information on dry weight of the patient. Moreover, a significant reduction compared to baseline level is associated with favourable post-discharge outcome. However, it is not clear whether the percentage decrease from baseline (35-50%) or the absolute value at discharge (\<350 pg/mL NT-proBNP) is more important for a good prognosis ([@ref40]).

### 4.3.5 Echocardiography and pulmonary ultrasonography {#sec3-5}

Echocardiography is one of the recommended examinations for differential diagnosis and planning treatment of AHF. If performed in emergency conditions, it provides information about cardiac anatomy (e.g. volumes, geometry, mass, valves) and functions. It is beneficial in establishing diagnosis and cause (ischemia, pericardial tamponade, valvular disease etc.) of HF.

Thoracic ultrasonography or bedside echocardiography can provide information about pulmonary congestion. It can be performed with a wide range of frequencies (4 to 12 MHz) using a vascular or cardiac probe. High frequencies are used for the examination of the peripheral sites of lungs, whereas lower frequencies are used for imaging of deep lung tissues. In pulmonary ultrasonography, A lines indicate chronic obstructive pulmonary disease whereas B lines indicate presence of congestion (comet tails) ([Figure 2a](#F2){ref-type="fig"}, [b](#F2){ref-type="fig"}) ([@ref41]).

![a, b. (a) Normal ultrasound. The ribs yield anechoic shadows (upper black arrow). Between the ribs there is a hyperechoing line, which is the pleural line. A lines are horizontal hyperechoing lines representing reverberations of the pleural line (black arrow). They are motionless and parallel to the pleural line. (b) Pulmonary edema. They are vertical narrow lines arising from the pleural line and end at the edge of the ultrasound screen. B-lines create a pattern called lung rockets that move in concert with lung sliding. The presence of B-lines (or comet tails) is an artifact that occurs with pulmonary odema (white arrow)](AJC-15-860-g002){#F2}

### 4.3.6 Hemodynamic monitorization {#sec3-6}

Non-invasive BP and urine output should be monitored in hospitalized AHF patients during acute management period. Other hemodynamic monitorizations are not used routinely, and become necessary depending on the clinical status of the patient. Central venous catheterization is performed in patients with low SBP and necessitating vasopressor treatment. Swan-Ganz (pulmonary artery) catheterization, which had been used more frequently in former years, is currently recommended only in selected cases, as it does not add more information to those obtained by non-invasive methods ([@ref42], [@ref43]).

Patients who would benefit from hemodynamic monitorization are: (i) patients with hypotension/cardiogenic shock who don't respond to fluid treatment, (ii) ACS patients with mechanical complications, (iii) cases not responsive to standard treatment and measurement of intravascular volume, cardiac output and pulmonary capillary wedge pressure (PCWP) will be beneficial in planning the treatment, and (iv) cases who are candidates for heart transplantation or implantation of a left ventricular (LV) assist device.

Intra-arterial catheterization is used to monitor mean arterial pressure in patients with low SBP in whom signs of AHF don't improve morbidity or mortality. It is also beneficial for patients who receive vasopressor treatment and in whom arterial blood gas analysis should be repeated frequently.

5. Management of acute heart failure {#sec1-5}
====================================

Main objectives of AHF treatment are symptomatic relief and hemodynamic recovery. Other initial treatment objectives are improving oxygenation to required levels (PaO2 \>60 mm Hg, SpO2 \>90%), restriction of organ damage and decreasing duration of stay in intensive care unit. Short-term objectives during the hospital stay include stabilization of clinical status by optimal treatment, starting appropriate oral pharmacological treatment, consideration of device treatment in selected cases and decreasing hospital stay.

5.1 Treatment approach in emergency department and intensive care units {#sec2-6}
-----------------------------------------------------------------------

AHF necessitates patients to admit to an emergency unit/hospital with symptoms and signs of HFF It has become a frequently encountered clinical problem that requires emergent management not only by cardiologists, but also by internal medicine, emergency medicine and intensive care specialists.

Due to the prognostic importance of early management, treatment should be started as soon as the patients reach to hospital, preferably in the ambulance ([@ref44], [@ref45]). Initial evaluation and management of patients in emergency department should ideally be accomplished in the first 2 hours of admission. Directing patients with suspected AHF to a cardiology unit or to a centre with coronary care (CCU)/intensive care (ICU) facilities is essential to improve the prognosis ([@ref46], [@ref47]).

The most critical step of emergent approach to AHF is determining the severity of dyspnea. Patients with tachypnea (respiratory rate \>25/min), hypoxia (SpO2 \<90% under oxygen therapy) and signs of increased respiratory overload (movement of accessory respiratory muscles, tripod position, difficulty in speaking) should be taken to a specific department where emergent ventilatory support can be provided (see Section 5.3).

Hemodynamics should be evaluated simultaneously with respiration. Hemodynamic monitorization is particularly important if heart rate is \<60/min or \>120/min, SBP \<90 mm Hg or \>180 mm Hg, proportional pulse pressure \<25%, cold extremities are observed or changes in mental status occurs.

ECG, chest X-ray, natriuretic peptides, renal function tests, electrolytes, complete blood count, and troponins should be obtained in the emergency department (see Section 4.2). Routine echocardiography does not have a significant benefit in emergency diagnosis and treatment. However, thoracic ultrasonography and bed-side echocardiography are increasingly used by emergency physicians.

Oxygen therapy is currently applied to all patients. However, it is not beneficial in patients with a non-invasive oxygen saturation \>95%. On the other hand, non-invasive ventilation (NIV) can improve prognosis of patients with respiratory distress by decreasing mechanical ventilation need.

Diuretic treatment can be started in emergency unit considering SBP and congestive findings of the patient on admission. Furosemide 40 mg IV bolus is adequate for most of the patients. Diuretic response (urine output \>100 mL/h in first two hours, relief of dyspnea) should be waited after this initial dose ([@ref48]). High dose diuretic administration may not be appropriate for a patient without congestion, even though AHF exists.

Vasoactive treatment should be started in all AHF patients as soon as possible. Time between first admission and initiation of intravenous treatment should not be more than 2 hours, because duration of hospital stay and in hospital mortality significantly decrease when treatment is started in the first 2 hours. Sublingual or oral nitrate treatment instead of parenteral forms of vasodilators can be preferred for patients with relatively less serious symptoms and findings in emergency unit ([@ref49]). Parenteral vasodilator treatment may be started in more critical patients, but referral to an ICU or cardiology clinic should be planned simultaneously.

There is no strong evidence supporting benefits of routine opioid administration in emergency department ([@ref50]). Morphine at a dose of 4-8 mg can be applied with metoclopropamide (morphine induces nausea) in patients with significant anxiety, then again respiration should be monitored carefully.

Vasopressor agents are not beneficial in the absence of hypoperfusion, contrarily they can be even harmful. Inappropriate inotrope usage in AHF seems to be a problem in our country ([@ref51]).

Patients with a respiratory rate \>25/min, SpO2 \<90% or requiring intubation, SBP \<90 mm Hg, hypoperfusion findings (existence of any: lactate \>2 mmol/L, confusion, metabolic acidosis, oliguria, cold extremities in room temperature, mixed venous oxygen saturation \<65%) should be directed into CCU/ICU. Patients with AHF related to ACS should be followed in CCU and should be revascularized as soon as possible. Patients without critical findings can be followed in ward and receive treatment including parenteral drugs.

Approximately half of AHF patients can be discharged from emergency department. Patients subjectively mentioning she/he has recovered, have a resting heart rate \<100/min, a room air oxygen saturation \>95%, urine output \>30 cc/h, no orthostatic hypotension or end organ dysfunction are potential candidates for early discharge. These rules are not valid for de novo AHF patients who should always be hospitalized as their precipitating causes necessitate further evaluation and management.

5.2 Monitoring of hospitalized patients {#sec2-7}
---------------------------------------

Clinical status of the patient (e.g. symptoms, signs, weight, fluid balance, hemodynamics and biochemistry including eGFR, electrolytes, liver enzymes) should be monitored closely in ICU/CCU and in the ward daily (especially while on parental treatment).

Dyspnea of the patient should be assessed both by the physicians and patients themselves. Two different scales are used to evaluate the change in severity of self-assessment dyspnea in the recent trials ([Table 6](#T6){ref-type="table"}). In the Likert scale, the patient's breathing is compared between admission and at the moment of examination ([@ref52]). In the Visual Analog Scale (VAS), the patient is asked to draw a horizontal line on the scale between the number '0' (which indicates the worst breathing the patient has ever felt) and the number '100' (which indicates the best breathing ever) to show how he thinks his breathing is at that moment ([@ref52]). These scales are not interchangeable and should be assessed simultaneously, because Likert measures of dyspnea initially improve rapidly with no significant improvement thereafter, whereas VAS measurements of dyspnea improve continually throughout hospital stay ([@ref52]).

###### 

Scales for evaluation of dyspnea in AHF ([@ref52])

  7-points Likert Scale   100-mm Visual Analog Scale (VAS)
  ----------------------- ----------------------------------
  +3 Markedly better      jpg
  +2 Moderately better    
  +1 Mildly better        
  0 No change             
  -1 Mildly worse         
  -2 Moderately worse     
  -3 Markedly worse       

Worsening HF is an important problem that needs more intensive therapy, longer stay in ICU or transfer from ward to ICU/CCU ([Table 7](#T7){ref-type="table"}). It occurs in approximately 10% to 15% of patients during the first 5 days of admission for AHF and is associated with higher risk for readmission and death ([@ref53]).

Impairment of renal and liver function is a frequent entity in treatment of AHF (See Section 4.3.3). Definitions for worsening renal function and hepatopathies are described in [Table 7](#T7){ref-type="table"}. Both of these conditions are usually managed with intensification of HF therapy.

###### 

Definitions of worsening heart, renal and liver failure in acute heart failure (53)

  ----------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------
  **Worsening heart failure**   Failure to improve or worsening signs and symptoms of HF despite therapy that occurs\
                                •after 1-2 days (usually in the first 7 days) of hospitalization and\
                                •requires initiation or intensification of parenteral therapy (e.g. inotropes or vasoactive agents) or\
                                •implementation of mechanical cardiac or ventilatory support

  **Worsening renal failure**   Increase in serum creatinine \>0.3 mg/dL or decrease in estimated glomerular filtration rate \>25% after admission

  **Ischemic hepatopatitis**    Decreased blood supply (due to shock or low blood pressure) to liver resulting in liver injury and marked elevation of liver function tests

  **Congestive hepatopathy**    Liver dysfunction due to venous congestion, usually right heart failure
  ----------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------

5.3 General precautions in hospitalized patients {#sec2-8}
------------------------------------------------

Fluid and sodium restriction - A fluid intake of 1.5-2 L/day is commonly recommended for AHF patients (especially for hyponatremic cases) to relieve symptoms and congestion during the initial management. However, this recommendation is not evidence based and the fluid intake should be individualized for every patient. Sodium restriction (to 2-3 g/day) may also help to control the symptoms and signs of congestion. Nonetheless, several studies have shown that a strict sodium restriction does not have an additional benefit, and even may be harmful for some patients ([@ref54]).

Prophylaxis of venous thromboembolism - Hospitalization due to AHF carries a high risk for development of venous thromboembolism. Therefore prophylactic anticoagulation (enoxaparin 40 mg subcutaneously once daily or unfractionated heparin 5000 units 3 times/day subcutaneously) is usually recommended for patients during the hospital stay. However, evidence from randomized clinical trials are lacking for this recommendation and prophylaxis may not be necessary for not bedridden patients.

Oxygen therapy - In left sided AHF, pulmonary edema associated with hypoxemia requires oxygen supplementation. Similar to management in emergency department, oxygen therapy is recommended for patients with a SpO2 \<95%. In the absence of hypoxemia, oxygen therapy may be harmful. Respiratory support for an AHF patient is performed to recover more severe hypoxemia, which is defined as a SpO2 \<90% and a partial arterial oxygen pressure (PaO2) \<60 mm Hg. A SpO2 \<75% and a PaO2 \<40 mm Hg indicates critical hypoxemia.

Oxygen therapy should be applied from simple to complicated and from non-invasive to invasive, starting with nasal cannula/mask, continuing with non-invasive ventilation (NIV) and finally invasive ventilation (IV) with endotracheal intubation. If hypoxemia of the patient is mild, nasal oxygen is given. However, in severe hypoxemia NIV can directly be started ([Table 8](#T8){ref-type="table"}).

###### 

Indications for noninvasive ventilation

  ---------------------------------------------------------------------------------------
  1\. Inadequate response to initial standard oxygen therapy
  2\. High-risk of endotracheal intubation
  3\. Persistent O~2~ saturation \<90% or PaO~2~/FiO~2~ \<200 mm Hg on \>4 L/min oxygen
  4\. Mild hypercapnia (PaCO~2~ \>45 mm Hg) or acidosis (pH \<7.3 but \>7.1)
  5\. Respiratory muscle fatigue
  6\. Signs and symptoms of acute respiratory distress
  7\. Respiratory rate \>24 breaths/min
  ---------------------------------------------------------------------------------------

FiO~2~ - fraction of inspired oxygen, PaO~2~ - partial pressure of arterial oxygen

Two types of NIV methods are used in the treatment of acute cardiopulmonary edema: 1) Continuous positive airway pressure (CPAP) providing positive airway pressure continuously through whole respiratory cycle, and 2) Bi-level positive airway pressure (BIPAP) providing positive pressure only through inspiration period and at the end of expiration. Ventilation settings according to type of NIV are shown in [Table 9](#T9){ref-type="table"}.

###### 

Settings of non-invasive ventilation

  ---------------------------------------------------------------------------------------------
  **A-CPAP settings**
  Start with 5-7.5 cm H~2~O
  Increase in increments of 2 cm H~2~O, as tolerated and indicated
  FiO~2~ \>40%
  **B-BIPAP settings**
  Initial inspiratory pressure of 8-10 cm H~2~O
  Increase in increments of 2-4 cm H~2~O (max \~20 cm H~2~O) aiming at tidal volume \>7 mL/kg
  Initial expiratory pressure of \~4-5 cm H~2~O
  Maximum inspiratory pressure is 24 cm H~2~O and expiratory pressure 20 cm H~2~O
  FiO~2~ \>40%
  ---------------------------------------------------------------------------------------------

FiO~2~ - fraction of inspired oxygen; CPAP - continuous positive airway pressure, BIPAP - bilevel positive airway pressure

Objectives of NIV in acute cardiopulmonary edema are to improve oxygenation, to decrease respiratory effort and to increase cardiac output. Positive pressure given during expiration provides oxygenation, while positive pressure given during inspiration assists respiratory muscles. Besides, NIV decreases intrathoracic blood volume by decreasing preload of right ventricle and afterload of left ventricle, thereby improves cardiac functions. In a meta-analysis, NIV added to standard treatment decreased mortality (NNT value 14), need for invasive intubation (NNT value 8) and length of stay in ICU (approximately 1 day) ([@ref55]). CPAP treatment also decreases mortality (NNT value 9) and intubation requirement (NNT value 7). However, BIPAP treatment does not decrease mortality when compared to standard or CPAP treatment. Thus, CPAP treatment is performed as the first choice due to its effectiveness and safety, as well as cost effectiveness and easier use compared to BIPAP BIPAP should be used in patients who are unresponsive (pressure requirement more than 12 cm H~2~O) or cannot tolerate CPAP treatment, in hypercapnic patients and in patients who develop respiratory muscle fatigue and hypoventilation.

Invasive endotracheal intubation is performed when NIV treatment is contraindicated ([Table 10](#T10){ref-type="table"}) or insufficient. Criteria for endotracheal intubation are listed in [Table 11](#T11){ref-type="table"}. Endotracheal intubation should be applied as short as possible because of its possible risks (trauma to the oro-pharynx and airway, excessive hypotension, arrhythmia, accumulation of respiratory debris due to inability to cough, especially nosocomial pneumonia, dysphonia, granuloma formation, increased hospital stay and costs and increased mortality).

###### 

Contraindications for noninvasive ventilation

  -----------------------------------------------------------------------------------
  **A - Absolute contraindications**
   1. Coma
   2. Cardiac arrest
   3. Respiratory arrest
   4. Any condition requiring immediate intubation
  **B - Other contraindications**
   1. Hemodynamic or cardiac instability
   2. Altered mental status (excluding cases secondary to hypercapnia)
   3. Inability to protect the airway or risk of aspiration
   4. Gastrointestinal bleeding - Intractable emesis and/or uncontrollable bleeding
   5. Facial surgery, trauma, deformity or burning
   6. Recent gastrointestinal or upper airway surgery (\<7 days)
   7. Potential for upper airway obstruction
   8. Uncooperative and inability to tolerate the mask
   9. Lack of training
  -----------------------------------------------------------------------------------

###### 

The criteria for endotracheal intubation (55)

  ------------------------------------------------------------------------------------------
  **A-Any one of the following**
   1. pH less than 7.20
   2. pH 7.20-7.25 on two occasions 1 hour apart
   3. Hypercapnic coma (Glasgow Coma Scale score \<8 and PaCO~2~ \>60 mm Hg)
   4. PaO~2~ less than 45 mm Hg
   5. Cardiopulmonary arrest
  **B-Two or more of the following in the context of respiratory distress**
   1. Respiratory rate greater than 35 breaths/minute or less than 6 breaths/minute
   2. Tidal volume less than 5 mL/kg
   3. Blood pressure changes, with SBP \<90 mm Hg
   4. Oxygen desaturation to \<90% despite adequate supplemental oxygen
   5. Hypercapnia (PaCO~2~ \>10 mm increase) or acidosis (pH decline \>0.08) from baseline
   6. Obtundation
   7. Diaphoresis
   8. Abdominal paradox
  ------------------------------------------------------------------------------------------

SBP - systolic blood pressure; PaO~2~ - partial pressure of arterial oxygen; PaCO~2~ - partial pressure of arterial carbon dioxide

5.4 Pharmacological treatment {#sec2-9}
-----------------------------

### 5.4.1. Treatment approach according to systolic blood pressure {#sec3-7}

The clinical scenario should be well defined in each case to determine appropriate management approach (see also Section 2 and 6.1). SBP is the leading determinant of the clinical scenario and treatment approach according to each clinical scenario on admission is assessed specially in following sections ([Table 12](#T12){ref-type="table"}) ([@ref56]).

###### 

Clinical presentation of acute heart failure according to the SBP on admission (56)

  High SBP 'Vascular Insufficiency'    Normal or low SBP 'Cardiac Insufficiency'
  ------------------------------------ -------------------------------------------
  Rapidly worsening (minutes, hours)   Gradually worsening (days)
  Pulmonary congestion                 Systemic congestion
  Fluid redistribution                 Fluid accumulation
  Acute increase in PCWP               Chronically high PCWP
  Radiographic congestion +++          Radiographic congestion +
  Weight gain/edema +                  Weight gain/edema +++
  Preserved LVEF                       Low LVEF
  Rapid response to treatment          Relatively slow response to treatment

LVEF - left ventricular ejection fraction; PCWP - pulmonary capillary wedge pressure; SBP - systolic blood pressure

In patients presenting with a high SBP (\>140 mm Hg), sudden and abrupt increase in BP is associated with sympathetic hyperactivity. Rapid increase of LV filling pressure and fluid redistribution leads to pulmonary congestion and dyspnea. Pulmonary congestion is more marked than systemic congestion. This presentation of AHF may also be defined as 'vascular insufficiency'.

SBP on admission is among normal limits (100-140 mm Hg) in nearly half of the cases. These patients usually have previously known HF with reduced EF. Symptoms worsen slowly but progressively within days. They present with systemic congestion. Signs of pulmonary congestion are not marked despite high LV filling pressure. This type of AHF is defined as 'cardiac insufficiency'.

Low SBP (\<90 mm Hg) is observed in 2-8% of cases and is associated with low cardiac output and organ hypoperfusion. Cardiogenic shock is present in 1-2% of AHF cases.

Evaluation of clinical congestion is important to determine treatment approach to AHF. Pulmonary congestion that develops due to sudden increase of ventricular filling pressure without increase in systemic volume overload is called 'hemodynamic congestion'. Patients with this clinical presentation are generally euvolemic and do not have signs related to systemic fluid accumulation. Examples include hypertensive AHF, severe LV dysfunction due to ACS or AHF due to acute mitral insufficiency. Fluid redistribution rather than systemic fluid overload is characteristic for these cases.

Acute decompensated HF-as an exacerbation of chronic HF- is a typical example for systemic congestion associated with peripheral edema and weight gain reflecting increase in total fluid overload.

In most cases hospitalized due to AHF, clinical findings are related to systemic and/or pulmonary congestion rather than low cardiac output. Main treatment approach is vasodilators administered with diuretics. Vasodilators are the essential part of treatment in hemodynamic congestion and diuretics are used in lower doses in this condition. Whereas in systemic congestion associated with volume overload, diuretics constitute the cornerstone of the treatment and vasodilator treatment is given to decrease hemodynamic congestion. Inotropic treatment is required in cases not responsive to diuretic and/or vasodilator treatment, findings of hypotension and organ perfusion.

In hypertensive AHF, vasodilator treatment is crucial as high BP and pulmonary congestion are related to volume redistribution rather than hypervolemia. Low dose diuretics may be added to vasodilator treatment, however high dose diuretic treatment should be avoided.

Initial treatment of wet and hot HF accompanied by tissue congestion due to hypervolemia comprises of diuretics and vasodilators. In baseline treatment of dry and cold HF accompanied by hypotension and peripheral hypoperfusion due to low output, inotropic and vasodilator agents are used as first-line treatments (see [Figure 1](#F1){ref-type="fig"}). Balanced administration of diuretics, vasodilators and inotropes should be considered in clinical presentation of combined congestion and perfusion disorder.

Dopamine should be started in cases presenting with cardiogenic shock, and in inadequate response to dopamine; norepinephrine should be initiated. Invasive ventilation, intra-aortic balloon pump and LV assist devices should be considered if necessary.

### 5.4.2 Diuretic strategies {#sec3-8}

One of the main objectives of AHF treatment is resolving congestion of the patient. The goal of diuretic therapy administered for this purpose is to provide euvolemia (dry weight) with the lowest possible dose and not to harm hemodynamics of the patient while achieving diuresis. For removing congestion and relieving symptoms, urine output should be increased to \>40 mL/h and a weight loss of 1-1.5 kg/day should be achieved. Patient's BP fluid balance, weight at the same hour of each day (preferably in the morning), daily renal functions and electrolytes should be monitored as long as parenteral treatment continues.

To remove volume overload in AHF, loop diuretics are administered via parenteral route. Main loop diuretics are furosemide, bumetanide and torasemide; however, furosemide is the most commonly used one, both in our country and in the whole world. Initial dose of intravenous furosemide is 20-40 mg. Total daily dose of furosemide should at least be equal to the total daily dose that the patient was taking before hospitalization and can generally be safely increased up to 2.5 times of the prehospitalization doses.

As half-lifes of diuretics are relatively short, doses should be repeated in periods or infusion treatment should be applied. If bolus treatment is preferred, dose can be repeated in 4-6 hours according to volume overload of the patient. In continuous infusion treatment, furosemide is started with 10 mg/hour dose and continued with 5-20 mg/hour according to response of the patient. The most appropriate treatment dose and route of administration (bolus or continuous infusion) is not clear. In DOSE trial (Diuretic Optimization Strategies Evaluation Trial) ([@ref57]) that aimed to answer this question, continuous infusion was compared with bolus infusion in every 12 hours and low dose (equal to previously taken oral dose) was compared with high dose (2.5 times of previous oral dose) by a 2x2 factorial design. No significant difference was observed between the two applications; however, symptoms such as shortness of breath improved more effectively in the high dose group (although temporary renal dysfunction was more frequently observed in this group). Generally, limited numbers of patients were randomized in trials comparing infusion treatment vs. bolus treatment. Meta-analysis of these trials show that there is no significant difference between continuous and bolus infusion; however, more effective diuresis is provided by continuous infusion ([@ref58], [@ref59]).

If an adequate diuresis cannot be provided by loop diuretics, diuretic dose is increased or a second diuretic (e.g. thiazides or spironolactone) is added. Generally, thiazides are added in daily practice; however, evidence regarding benefits of high dose spironolactone (50-100 mg) is also increasing ([@ref60]).

Hypertonic saline treatment can increase the effect of diuretic treatment by drawing fluid from interstitial area into intravascular area. A meta-analysis ([@ref61]) of 5 randomized controlled trials comparing clinical outcome of patients who received only IV furosemide vs. hypertonic saline added to IV furosemide reported that hypertonic saline administration achieved better weight loss, preserved renal functions, shortened duration of hospital stay and decreased re-hospitalization after discharge and all-cause mortality. Hypertonic saline is infused as 100-150 mL NaCl with different concentrations (between 2.4-7.5%) 1-2 times/day depending on the Na level of the patient. Until more data is obtained, hypertonic saline is suggested to be administrated in patients with a creatinine level \<3 mg/dL, who have fluid accumulation in interstitial area, depleted intravascular volume and no response to standard treatment.

Another option for patients with inadequate diuresis on standard treatment is low dose dopamine (1-5 pg/kg/min). However, two randomized clinical trials comparing low dose dopamine with standard treatment in AHF patients \[DAD-HF II ([@ref62]) and ROSE ([@ref63])\] could not show any additional benefit of dopamine for increasing diuresis and protecting renal functions. Therefore, low dose dopamine administration should be reserved for patients who do not respond to standard treatment and have relatively lower blood pressure.

One of the current diuretic options in AHF patients who have hyponatremia and risk for cognitive dysfunction is tolvaptan, which is a selective vasopressin 2 receptor antagonist. Tolvaptan induces water diuresis (aquaresis) instead of salt diuresis with conventional diuretics. In EVEREST trial (Efficacy of Vasopressin Antagonism in Heart Failure Outcome Study with Tolvaptan) ([@ref64]), tolvaptan did not affect mortality and hospitalization in AHF patients, but increased urine amount and serum sodium, and improved congestive signs like dyspnea and edema. There was a statistically, but not clinically significant, greater increase in serum creatinine with tolvaptan (0.08 mg/dL versus 0.03 mg/dL) compared to placebo.

Parenteral diuretic treatment should be continued until congestive findings (rales, jugular venous distention, peripheral edema, ascites) disappear or decrease to a reasonable degree. Thereafter, treatment should be continued with the lowest dose of oral diuretic sufficient to keep the patient in dry weight.

### 5.4.3 Ultrafiltration {#sec3-9}

Ultrafiltration (UF) is an alternative method to diuretic treatment for removing congestion in hypervolemic patients. It is based on removing fluid and molecules with low molecular weight (\<20 kDa) from circulation via a semi-permeable membrane. Contrary to diuretic treatment, fluid removed by UF is isoosmotic or iso-natremic. An UF rate of 200-300 mL/h is usually adequate but can be speed up to 500 mL/h.

Advantages of UF compared to diuretic treatment are to remove more sodium (and less potassium), to control amount and rate of fluid to be removed and to cause less neuro-hormonal and electrolyte changes ([@ref65]). Beyond these advantages, existence of diuretic resistance in one fourth of HF patients makes veno-venous UF an important treatment option for isolated hypervolemic HF ([@ref66]).

Efficacy of UF was examined in the Relief for Acutely fluid-overloaded Patients with decompensated CHF (RAPID-CHF) trial ([@ref67]). Patients were randomized to a single 8 h UF session in addition to usual care or to usual care alone. In the end of the study, no significant difference both in efficacy and safety was detected. In the Ultrafiltration Versus Intravenous Diuretics for Patients Hospitalized for Acute Decompensated HF (UNLOAD) trial ([@ref68]) which was the first large trial on the efficacy of UF, weight loss at 48 h (5.0±3.1 kg vs. 3.1±3.5; p=0.001) and net fluid loss (4.6 L vs. 3.3 L; p=0.001) were higher in the UF group. At 90 days, the UF group had lower hospitalization rate compared to usual care group (18% vs. 32%; p=0.037). Though to these positive results favoring UF, methodological limitations like unblinded trial design, suboptimal doses of diuretics, restriction of fluid removal with only 2 L, exclusion of patients with renal dysfunction and leaving duration and rate of UF to the decision of physicians were criticized.

Renal failure, which is an important co-morbidity in HF patients, is present at various degrees in 30% of AHF patients. CARRESS-HF trial ([@ref69]) included 188 patients with cardiorenal syndrome or AHF with renal dysfunction (mean serum creatinine was 1.9 mg/dL in UF group and 2.09 mg/dL in diuretics group). Contrary to UNLOAD trial, data of CARESS-HF showed that stepwise diuretic regimen was superior to UF. No difference was detected in weight loss and mortality in two treatment arms and difference between serum creatinine was in favor of pharmacologic treatment (p=0.03). Side effects including renal failure, bleeding and complications due to catheter were detected significantly more in UF group (57% versus 72%, p=0.03).

These data was evaluated in ESC and ACCF/AHA Heart Failure Guidelines and ESC 2012 guidelines listed UF among controversial subjects due to insufficient evidence or consensus, and ACCF/AHA 2013 guidelines positioned UF in treatments with a class IIb recommendation to relieve of congestive symptoms in patients with significant volume overload ([@ref2], [@ref3]). Nonetheless, side effects brought out by high dose diuretics treatment, worsening of renal function and increase of mortality make UF irrevocable for patients in whom all diuretics strategies had failed.

Isolated UF application should be restricted in patients refractory to diuretic treatment and renal dysfunction due to volume overload more than structural renal damage. Other procedures (hemodialysis, peritoneal dialysis, hemofiltration etc.) should be considered in patients who have hyperuremia syndrome (azotemia, metabolic acidosis, hyperkalemia) accompanying HF.

A nephrologists' opinion should be taken before starting UF in candidate patients, and the procedure should be supervised by an experienced team. Another problem restricting routine use of UF is its high cost. UF cost is affected by several issues such as duration of hospital stay, re-hospitalization frequency and its cost, applied number of UF and cost of filters. When single use filters are used, cost increases considerably. However, when rate and duration of hospital stay are considered, UF becomes more economic in terms of national social insurance.

### 5.4.4 Vasodilators {#sec3-10}

Vasoactive drugs are the most important treatment alternatives to improve hemodynamic preload-afterload mismatch present on the basis of AHF. They can be classified in 3 groups as traditional nitro-vasodilators, natriuretic peptide analogues and other vasodilators.

Nitro-vasodilators (nitroglycerine, nitroprusside) are recommended to improve hemodynamics (decrease in PCWP and LV filling pressure) and for symptomatic relief in patients with a SBP \>110 mm Hg provided close follow-up is maintained. Nitroglycerine treatment is started with 10-20 pg/min and can be increased in a stepwise fashion observing hemodynamic response of the patient ([Table 13](#T13){ref-type="table"}). Nitroprusside has not been widely studied in AHF, but in patients with marked increase in SBP it may be given with careful hemodynamic monitorization. However, at least 10 mm Hg decrease in mean arterial pressure is an acceptable target in clinical practice ([@ref49]). Duration of nitrovasodilator therapy is 24-48 hours. Beyond this time, tachyphylaxia or tolerance to nitroglycerin or intoxication with nitroprusside may occur.

###### 

Initial and continuous infusion doses of vasodilators[\*](#t13f1){ref-type="table-fn"} ([@ref2])

                         Initial dose      Infusion dose      Precautions
  ---------------------- ----------------- ------------------ -----------------------------------------------------------------------------------------------------------------------------
  Nitroglycerine         10-20 pg/min      5-200 pg/min       Tolerance and tachyphylaxis on continuous use
  Isosorbide dinitrate   1 mg/h            1-10 mg/h          
  Nitroprusside          0.3 p/kg/min      0.3-10 pg/kg/min   Invasive hemodynamic monitoring is required; marked hypotension may occur; longer infusions may cause thiocyanate toxicity.
  Nesiritide             2 pg/kg (bolus)   0.01 pg/kg/min     Hypotension
  Ularitide                                15 ng/kg/min       Increased sweating, dizziness, nausea and hypotension
  Serelaxin                                30 pcg/kg/day      Hypotension

Modified from ESC 2012 heart failure guidelines ([@ref2])

Natriuretic peptide analogues include at least 2 agents: nesiritide and ularitide. Both of these drugs are not available in Turkey, however there are several studies conducted with this group of agents. In ASCEND-HF study ([@ref70]), nesiritide improved dyspnea faster than usual care, however did not change composite endpoint defined as rehospitalization for heart failure and 30-days all-cause mortality, and was relatively expensive. Main symptomatic benefit with nesiritide is achieved when the drug is applied in first 15.5 hours after admission ([@ref71]). This observation may seem strange for the ones who practice in AHF management. In real life, diuretics + nitrate treatment combination is started in first 30 minutes nearly in all patients ([@ref72]). Moreover, this treatment provides a highly effective symptomatic recovery in 75% of patients. However, time factor had been ignored in clinical trials testing new agents in AHF until recent years. Testing many agents at wrong time periods may have resulted in missing the most beneficial time of many agents. Ularitide, another agent of the group is an isoform of ANP resistant to breakdown by neutral endopeptidases. Currently, it is being tested in Phase III clinical trials like the ongoing Trial of Ularitide's Efficacy and safety in patients with Acute Heart Failure (TRUE-AHF).

The prototype agent for other vasodilators group is Serelaxin. Serelaxin is recombinant human relaxin -2, which is a natural peptide that regulates maternal adaptations to pregnancy ([@ref73]). It acts through specific G-protein coupled relaxin receptors (RXFP1 and 2) and endothelin B receptors. Activation of these receptors results in the activation of NO synthase in endothelial cells and subsequently in vasodilation. Hemodynamic effects of serelaxin include increase in arterial compliance, cardiac output, renal blood flow and creatinine clearance. Unlike the nitrates, it has some inotropic effect and does not appear to reduce venous tone. Clinical effects of serelaxin was studied in Pre-RELAXAHF ([@ref74]) and RELAX trials ([@ref75]). In both of them, treatment with serelaxin was associated with relief of dyspnea and reduction in 180-day mortality \[RELAX trial (n=1161): placebo 65 deaths vs. serelaxin 42 deaths; HR 0.63, 95% CI 0.42-0.93; p=0.019\]. It is one of the agents currently being investigated in phase III clinical trials (RELAX-2).

Clevidipine, a calcium channel blocker agent, was investigated in PRONTO trial ([@ref76]), and was found superior to traditional nitrovasodilator treatment to relieve dyspnea in hypertensive AHF patients.

One of basic principles of vasodilator treatment is to avoid symptomatic hypotensive response that may occur and probably be harmful. Recently, it was reported that HF-rEF and HF-pEF patients respond differently to treatment, and HF-pEF patients respond to vasodilator with exaggerated blood pressure decrease ([@ref77]). Symptomatic hypotension is also more frequently observed in de novo AHF patients. Vasodilators may be harmful in patients with inadequate preload. On the other hand, vasodilator treatment is safe in normotensive patients with HF-rEF who have congestion and dilated jugular veins. In any case, monitorization and careful titration is required for vasodilators.

### 5.4.5 Positive inotropes {#sec3-11}

Inotropic agents constitute one of the 3 basic pharmacologic treatment groups in AHF management, although they are not used as frequently as diuretics and vasodilators. Their main indication is hypotension and cardiogenic shock accompanying AHF but they may also be used in cases who are resistant to initial vasodilator and diuretic treatment.

Inotropic agents increase myocardial contractility and cardiac output, decrease ventricular filling pressure and PCWP and thereby provide symptomatic and hemodynamic recovery ([@ref78]). However, data exists that they also provoke ischemia and serious arrhythmias by increasing intracellular calcium level, oxygen consumption and myocardial oxygen requirement and may have a direct toxic effect on myocardium. Although not based on randomized controlled, double blind trials, data exists on their adverse effects for long-term mortality. Therefore their use was restricted to cases who have low output presenting with hypotension. Low cardiac output due to systolic dysfunction exists in 5-10% of AHF cases. Inotropic treatment alone or with vasodilator treatment is required in these cases to improve clinical picture in short time ([@ref79]). In general, hypotension and/or hypoperfusion are determinants for inotropic treatment decision. If indicated, inotropic treatment should be started in early phase, be given at minimum required dose and discontinued in the shortest time possible. Inotropic treatment does not have a role in AHF due to diastolic dysfunction.

Frequently used agents in clinical practice are adrenergic receptor agonists dopamine and dobutamine, calcium sensitizing agent levosimendan and phospodiesterase III inhibitors amrinone and milrinone. Dopamine and dobutamine have mainly inotropic effects, whereas amrinone, milrinone and levosimendan have also vasodilatator properties accompanying their inotropic effects ([Table 14](#T14){ref-type="table"}) ([@ref80]).

###### 

Loading and continuous infusion doses of positive inotropic agents[\#](#t14f2){ref-type="table-fn"} ([@ref2])

                                                   Loading dose                                                    Infusion dose
  ------------------------------------------------ --------------------------------------------------------------- ------------------------------------------------------------------------------------------------
  Dopamine                                         None                                                            \<3 pgr/kg/min: renal diuretic effect
  3-5 pgr/kg/min: inotropic effect                                                                                 
  \>5 pgr/kg/min: inotropic + vasopressor effect                                                                   
  Dobutamine                                       None                                                            2-20 pgr/kg/min
  Levosimendan[\*](#t14f1){ref-type="table-fn"}    Optional (6-12 pgr/kg, \>10 min time)                           0.1 pgr/kg/min (can be increased 0.2 pgr/kg/min or decreased 0.05 pgr/kg/min according to SBP)
  Milrinone[\*](#t14f1){ref-type="table-fn"}       Optional (25-75 pgr/kg)                                         0.375-0.75 pgr/kg/min
  Norepinephrine                                   None                                                            0.2-1.0 pgr/kg/min
  Epinephrine                                      During resuscitation 1 mg IV, (can be repeated every 3-5 min)   0.05-0.5 pgr/kg/min

Has also vasodilator property. If SBP \<90 mm Hg loading dose is not given. IV - intravenous; SBP - systolic blood pressure

Modified from ESC 2012 heart failure guidelines

Dopamine

Dopamine in low doses (\<2-3 pgr/kg/min) causes renal, coronary and cerebral vasodilatation by effecting only dopaminergic receptors. In higher doses (\>3 pgr/kg/min), it increases myocardial contractility as a result of beta-1 receptor stimulation. A dose of 3-5 pgr/kg/min is recommended for inotropic effectiveness. Higher doses (\>5 pgr/kg/min) increase systemic vascular resistance and hence BP by affecting alpha-adrenergic receptors ([Table 14](#T14){ref-type="table"}). It can be called as a 'vasopressor inotrop' due to its effects at higher doses. Dopamine is an appropriate agent to increase cardiac output and achieve a BP level to preserve peripheral perfusion in HF with serious hypotension (\<90 mm Hg) or cardiogenic shock.

Dobutamine

Dobutamine is an inotropic agent increasing cardiac output by dose dependent inotropic effect via beta-1 receptors ([@ref81]). It increases cardiac output more than dopamine. Dobutamine should be preferred as the initial treatment in AHF cases with normal or near normal BP and low cardiac output and dopamine should be chosen in cases with significant hypotension. Infusion rate can be titrated up to 15-20 pgr/kg/min according to recovery of symptoms, hemodynamic response and diuresis ([Table 14](#T14){ref-type="table"}). While increasing doses, care must be taken for development of tachycardia and arrhythmias. Its most important disadvantage is development of tolerance after 24-48 hours of administration and decrease of its effectiveness when using beta-blockers. Dobutamine may induce ischemia, increase residual ischemia and enlarge the infarct area in cases with CAD.

Levosimendan

Levosimendan is an 'inodilator agent' showing inotropic effect by increasing calcium sensitivity of contractile proteins in myocardium, leading to vasodilation in vascular smooth muscles with opening ATP-dependent potassium channels and thereby decreasing peripheral vascular resistance and cardiac pre- and afterload ([@ref82]). Increasing cardiac contractility without increasing intracellular calcium level sets levosimendan apart from traditional inotropics. It does not lead to myocardial oxygen consumption and ischemia. Levosimendan provides more hemodynamic benefit in increasing cardiac output and decreasing PCWP compared to dobutamine ([@ref83]). A recent meta-analysis suggested that levosimendan may reduce mortality in various cardiac settings in adult patients ([@ref84]). It is a preferable inotropic agent in patients with CAD and ACS. In AHF secondary to an AMI, levosimendan has been shown to be a safe inotropic agent. Contrary to dobutamine, the efficiency of levosimendan is not affected by beta-blocker usage. Furthermore, when compared to dobutamine, levosimendan reduces short-term mortality in patients with previous heart failure or who were on beta-blockers previously. Current ESC guidelines on heart failure recommend levosimendan as a class IIb indication to reverse the effect of beta-blockade if beta-blockade is thought to be contributing to hypoperfusion in AHF and in AHA/ACC 2013 heart failure guidelines there is no recommendation about levosimendan ([@ref2], [@ref3]).

Levosimendan is administered as 24-hour IV infusion at a dose of 0.05-0.2 pgr/kg/min following a loading dose of 6-12 pgr/kg/min in 10 minutes. Hypotension may develop due to vasodilatation, therefore loading dose can be omitted in many cases if the initial SBP is \<100 mm Hg. Levosimendan is not recommended in patients with a SBP \<85 mm Hg.

Phosphodiesterase-!!! enzyme inhibitors

Phosphodiesterase (PDE) III inhibitors increase contractility by increasing intracellular calcium and decreasing intracellular cAMP degradation via selective inhibition of PDE-III enzyme. They also cause arterial and venous vasodilatation by PDE inhibition. Therefore, they have 'inodilator' effects. Inotropic effectiveness is less than dobutamine and vasodilator effects are less than nitroprusside which is a strong vasodilator. The effectiveness of PDE III inhibitors does not decrease under the treatment with beta-blockers ([@ref85]). Negative data exists about their safety in HF with CAD.

Milrinone is a strong PDE-III inhibitor, that also increases beta-adrenergic receptor sensitivity by inhibiting guanine nucleotide binding protein which inhibits beta-receptors. Therefore, synergic interaction exists between milrinone and beta-agonists. It decreases ventricular filling pressures more than dobutamine due to its vasodilator effects. Combination with dobutamine may be considered for cases with near normal BP level. Hemodynamic effectiveness reaches to highest level in 10-15 minutes following IV bolus administration. Thrombocytopenic effect is less than amrinone. However, care should be taken for abnormalities related to liver tests, hypotension, atrial and ventricular arrhythmias. Milrinone is available in Turkey, but results of placebo controlled trials relating to an increased mortality with milrinone restricted its widely use ([@ref85]).

Amrinone and enoximone are not available in our country. Amrinone is not widely used due to its thrombocytopenic effect and rapid development of drug tolerance ([@ref86]). Enoximone is a selective PDE-III inhibitor which is 10 times less potent than milrinone. Bolus dose is given to cases with normal SBP at baseline and administrated as continuous infusion. It is mainly metabolized by liver and active sulfoxide metabolites are eliminated via kidney. As in milrinone, dose should be decreased in case of renal failure. It rarely causes thrombocytopenia.

Combined use of inotropic agents

Efficacy and safety of inotropic agents are dose dependent. Cardiac output increases dose dependently; however undesirable effects also increase concomitantly. When inotropics with different mechanisms of action are combined, inotropic effect and cardiac output increase more powerfully. Low dose dopamine and dobutamine combination is a frequently used combination in daily practice to increase diuresis. In advanced HF resistant to dobutamine, levosimendan can be added to dobutamine infusion to improve clinical and hemodynamic results ([@ref87]). Combination of dobutamine that affects via beta-1 adrenergic activity with milrinone or amrinone that effect via decreasing degradation of postreceptor cAMP provides additive inotropic effectiveness ([@ref88]).

Vasopressor agents

Vasopressor agents are required to provide or preserve organ perfusion in patients with life threatening hypotension such as cardiogenic shock and in patients when cardiac output can not be recovered and appropriate SBP level (\>90 mm Hg) cannot be achieved by inotropic agents and/or fluid treatment. However, their use should be restricted with the minimum possible dose and shortest time as cardiac afterload will increase due to increased peripheral vascular resistance and accordingly organ perfusion will decrease by vasopressor agents. Serious arrhythmias, worsening of renal function and myocardial ischemia can be observed during management.

Epinephrine is a catecholamine with equal and high affinity to beta-1, beta-2 and alpha 1 receptors. Therefore, it is accepted as a relatively balanced vasopressor agent in terms of vasodilator and vasoconstrictor effects. Its chronotropic affect becomes more significant in HFF At low doses, cardiac output is increased by inotropic and chronotropic affect due to beta-1 activity and vasoconstriction due to alpha-1 activity is relatively balanced with beta-2 receptor activity. At high doses, alpha-1 affect becomes prominent and systemic vascular resistance significantly increases in addition to cardiac output. It is generally used at a dose of 0.05-0.5 pgr/kg/min. In clinical practice, epinephrine is used if hypotension cannot be controlled with inotropic agents. Unless serious hypotension, it is not recommended in decompensated HFF Epinephrine is not recommended as an inotropic and/or vasopressor agent for cardiogenic shock. Its use is especially recommended in cardiac arrest and asystole as a rescue agent at 1 mg IV bolus.

Norepinephrine is a catecholamine with a very high alpha-1 receptor and lower beta-1 and beta-2 receptor affinity ([@ref72]). Thus it is a strong vasoconstrictor but a weak inotropic agent. In general, norepinephrine is used to increase BP It is not recommended for decompensated HF, and should be reserved for hypotension resistant to dopamine or for increasing BP and coronary perfusion in cardiogenic shock. As it is a weak inotropic agent, its effect on cardiac output is not significant. When compared with epinephrine it does not lead to a significant increase in heart rate. Norepinephrine is generally used at doses of 0.2-1.0 pgr/kg/min.

5.5 Mechanical assist devices {#sec2-10}
-----------------------------

Mechanical circulatory assist devices and/or heart transplantation are the only remaining treatment options in patients with end-stage HF despite optimal pharmacological and device therapy like CRT/ICD. Progressive improvement and successful results of LV assist technology lead to widespread use of these devices as a bridge to heart transplant, bridge to decision, bridge to recovery or long-term destination therapy in end-stage HFF Nevertheless, the exact role of mechanical circulatory support in the management of AHF is not clear, as these patients represent a heterogeneous group. Generally, short-term mechanical support devices are preferred in AHF and long-term assist devices are reserved for end-stage chronic HFF Intermediate or short-term percutaneous assist devices may also be used for refractory cardiogenic shock patients with multi-organ failure on the purpose of bridge to heart transplant or destination therapy. Occasionally, long-term assist devices are used in AHF patients who are at immediate risk of death until a thorough clinical evaluation can be completed and therapeutic options are decided ([@ref89], [@ref90]). Probability of recovery, estimated recovery time and suitability of the patient for heart transplantation should be considered before deciding for mechanical circulatory support in decompensated AHFF Patients with a reversible pathology like acute fulminant myocarditis or postpartum cardiomyopathy and patients with idiopathic dilated cardiomyopathies response to mechanical assist devices better than HF cases due to ischemic reasons ([@ref91]).

LV assist devices vary from big extracorporeal systems to small size devices applied percutaneously. Main advantage of surgically implanted devices is their ability to provide complete support to cardiac stroke volume, but replacing these devices requires re-operation. Permanent anticoagulation is needed for both surgically or percutaneously implanted devices. Detailed information on surgically implanted assist devices, which are available in very limited number of centers in Turkey, is beyond the scope of this report.

Percutaneous ventricular assist device systems

Percutaneous devices are primarily designed for LV assist and frequently used for treatment of refractory cardiogenic shock developed after AMI or acute cardiac decompensation due to other reasons. Implantation of percutaneous ventricular assist devices is less invasive and starts to support patient's circulation earlier.

Intraaortic balloon pump (IABP) is the most commonly used percutaneous circulatory assist device, as it can be implanted easily and rapidly. It provides better blood supply to coronary arteries and myocardium by increasing aortic diastolic pressure and decreases LV afterload by decreasing aortic pressure during systole which results in reduced myocardial oxygen consumption. Cardiac stroke volume increases approximately 10-20% with IABP support ([@ref92]). As cardiac circulatory support provided by IABP is maximum 1.5 L/min, appropriate candidates for IABP are patients who require low level support. In patients with severe myocardial damage, cardiac stroke volume cannot be increased adequately to fulfill the demands of body and other circulatory support systems are required in these patients. A meta-analysis of 7 randomized controlled trials, suggests that IABP may have a beneficial effect on some hemodynamic parameters, but does not have a survival benefit ([@ref93]). Therefore recent guidelines do not strongly recommend IABP support for treatment of AMI patients with cardiogenic shock ([@ref2]-[@ref4]). In current ESC guidelines ([@ref2]), IABP is recommended to support circulation before surgical correction of specific acute mechanical problems (e.g. interventricular septal rupture and acute mitral regurgitation), during severe acute myocarditis and in selected patients with acute myocardial ischemia or infarction before, during, and after percutaneous or surgical revascularization.

There are two kinds of widely used percutaneous LVADs: TandemHeart (Cardiac Assist, Pittsburgh, PA, USA) and Impella LP 2.5 (Abiomed Europe GmbH, Aachen, Germany). Main advantages of percutaneous LVADs over surgically implanted LVAD's are their lower cost and easier and faster implantation and removal (generally implanted under fluoroscopy in catheter laboratory). Disadvantages are vascular entrance complications and limited flow ([@ref94]). Despite the fact that percutaneous VADs are applied successfully in cardiogenic shock after AMI and early survival rate is around 70%, superiority of percutaneous VADs over IABP was not supported adequately by randomized trials ([@ref95], [@ref96]).

ECMO (Extracorperal Membrane Oxygenation)

The principle of ECMO is to remove part of blood from body and transfuse it back to the bloodstream after oxygenisation. There two forms of ECMO: veno-venous and veno-arterial. Veno-venous way is preferred in respiratory insufficiencies without cardiac dysfunction and veno-arterial way is preferred in HF (cardiac ECMO). Veno-arterial ECMO has a rapid onset of action. It decreases cardiac preload and oxygen consumption, fulfills oxygen demand of body and supplies blood to vital organs ([@ref97]). Either due to its effectiveness or rapid and easy application, ECMO has become a frequently preferred mechanical support device for AHF in all age groups including newborn babies, cardiogenic shock, HF developed following cardiac surgery, pulmonary emboli, fatal arrhythmias and cardiac arrest. ECMO indications are same as other LV assist devices. Decision is based on INTERMACS category of the patient ([@ref98]). ECMO indication exists at INTERMACS profile 1 and profile 2 \[Profile 1: Hemodynamic instability in spite of increasing doses of catecholamines and/or mechanical circulatory support with critical hypoperfusion of target organs (severe cardiogenic shock) and Profile 2. Intravenous inotropic support with acceptable blood pressure but rapid deterioration of kidney function, nutritional state, or signs of congestion\]. Recently patients with profile 3 and 4 may also undergo ECMO implantation because of beneficial results obtained in these patients (Profile 3. Hemodynamic stability with low or intermediate, but necessary due to hypotension, doses of inotropics, worsening of symptoms, or progressive kidney failure and Profile 4. Temporary cessation of inotropic treatment is possible, but the patient presents frequent symptom recurrences and typically with fluid overload). Major contraindications to ECMO are uncontrolled bleeding, unrecoverable neurologic and end organ damage, and untreatable malignity, patients with end-stage HF who are not candidates for heart transplant or persistent LVAD treatment, absence of appropriate vascular entrance for ECMO cannulation and aortic dissection or serious aortic insufficiency.

Survival with cardiac ECMO was reported at varying rates between 23-71% ([@ref99]). Highest mortality was observed in cases with cardiac arrest and lowest mortality was observed in cases with HF developed following myocarditis ([@ref100], [@ref101]).

Weaning time from ECMO changes according to the patient. Minimum time required for a damaged ventricle to recover itself should not be less than 12-24 hours. Generally, ECMO is removed in most of the patients in less than 1 week. During weaning process venous saturation, acid-base balance and urination parameters and cardiac functions should be monitored. ECMO flow should be decreased to the level of 1 L/min/m^2^ gradually. At this step, pharmacological inotropics may be necessary. If cardiac functions do not recover during this time, long term LVAD should be started.

6. Special groups {#sec1-6}
=================

6.1 Treatment algorithms according to clinical scenarios {#sec2-11}
--------------------------------------------------------

Major determinants of the clinical scenario are SBP systemic or pulmonary congestion, peripheral perfusion, volume overload or redistribution, precipitating factors, underlying etiology and rate of appearance of symptoms and findings.

Clinical scenario 1: Acute heart failure presenting with

hypertension accompanied by dyspnea and/or congestion

SBP is \>140 mm Hg in approximately half of AHF patients. This clinical scenario mostly appears as the first attack of AHF and symptoms start suddenly. Predominant finding is pulmonary (radiographic/clinical) rather than systemic congestion due to rapid fluid redistribution from systemic to pulmonary circulation ([Table 1](#T1){ref-type="table"}) ([@ref101]-[@ref103]). Tachycardia and vasoconstriction are observed due to increase of sympathetic and neurohormonal activities.

This group of patients responds well to vasodilator therapy and usually do not need high diuretic doses as their main mechanism of dyspnea is fluid redistribution to the lungs rather than fluid accumulation.

Clinical scenario 2: Acute heart failure presenting with

normal SBP accompanied by dyspnea and/or congestion

SBP is in normal limits in \~40% of the cases. In this second scenario, symptoms and signs develop gradually in days or weeks. There is significant systemic congestion, which results in weight gain and peripheral edema. Pulmonary congestion may also be present; but it is milder than in the first clinical scenario. Generally, the second scenario develops as acute decompensation of chronic HFF LV systolic dysfunction and dilatation are detected on echocardiography. Chronic ventricular high pressure increases further with the deterioration of the clinical symptoms. Multi-organ failure may be observed with progressive deterioration of the clinical condition. Renal and/or liver dysfunction or worsening may appear.

Parenteral vasodilators are the cornerstone of the treatment, but care must be taken not to decrease SBP below 110 mm Hg. Low dose IV diuretics (furosemide 20 mg IV bolus) can also be added. Vasodilator and diuretic dosage can be increased according to the clinical and hemodynamic response. If pulmonary congestion is the predominant presentation and systemic congestion is absent, starting treatment with high dose potent diuretics may lead to hypovolemia and hypoperfusion that result in worsening renal function. In cases with dyspnea accompanied by weight gain, peripheral edema and venous distention, IV diuretics (furosemide 20-40 mg bolus) and vasodilators should be given together and their dosage should be titrated according to the diuretic and clinical response. If adequate diuresis cannot be achieved, continuous diuretic infusion should be considered.

Vasodilatator drugs such as nesiritide may be considered in the presence of high systemic vascular resistance accompanied by low bioactive BNP levels. However, data of wide scale clinical trials indicated that patients using nesiritide have the risk of hypotension and additionally there is no decrease in mortality and/or hospitalizations ([@ref104], [@ref105]).

Studies with the novel vasodilator serelaxin were promising for patients in this clinical scenario (see Section 5.4.4). Ongoing trials with this agent will show its exact role in AHF.

Clinical scenario 3: Acute heart failure presenting with

hypotension, dyspnea and other congestion symptoms

This is the rarest AHF scenario (\<%10) characterized by low SBP and low cardiac output together with findings of organ hypoperfusion ([@ref106]). Two different subtypes are defined: 1) Cardiogenic shock with marked hypoperfusion and 2) Low SBP without evidence of hypoperfusion/cardiogenic shock. Cardiogenic shock is characterized by low cardiac output accompanied by signs of organ hypoperfusion (hypotension, changes in mental status, cold and cyanotic skin) and evidence of volume overload (dyspnea, rales). Hemodynamic findings include prolonged and resistant hypotension, decrease in cardiac index (\<2,2 L/min/m^2^) and increase in PCWP (\>18 mm Hg).

Patients with cardiogenic shock should undergo echocardiography examination in order to detect and manage acute pathologies that deteriorate hemodynamic condition. Swan-Ganz catheterization is frequently performed to confirm the diagnosis, to ensure that filling pressures are adequate, and to guide changes in therapy. Pharmacological support includes inotropic and vasopressor agents which should be used in the lowest possible doses. Higher inotropic and vasopressor doses are associated with poorer outcomes. In patients with persistent hemodynamic impairment despite inotropic and vasopressor treatment, IABP or temporary mechanic support devices should be considered.

Clinical scenario 4: Acute heart failure complicating acute coronary syndromes

AHF complicating ACS includes patients with de novo HF that developed during an ACS or patients with worsening of preexisting HF. ACS was the triggering factor of HF in 30% of patients included in EuroHeart Survey II ([@ref12]). New onset HF was detected in 37% of the patients enrolled in same study and 42% of these cases were due to ACS. HF was present in two thirds of patients on admission, in the remaining patients it developed during hospital stay. AHF is observed at similar rates in ST segment elevated and non-ST segment elevated MI and at lower rates in unstable angina patients. LVEF was preserved in approximately half of the patients. ACS patients with prior LV dysfunction, transmural anterior MI, advanced age, markedly high cardiac injury biomarkers and no reperfusion treatment have higher risk of new onset AHFF Patients with HF complicating ACS have a poorer short- and long-term prognosis compared to ACS patients without HF ([@ref107], [@ref108]). Those who developed HF during hospital stay and have advanced HF have worse prognosis ([@ref109]). HF recurrence rate is also high at recovered patients ([@ref110]).

In ACS patients, LV diastolic filling pressure increases and/or cardiac output decreases due to ischemia (decreasing ventricular compliance, stunning or hibernating) or infarction (extensive myocardial loss, free wall rupture, ventricular septal rupture and papillary muscle dysfunction). Subsequent pulmonary congestion or tissue perfusion damage lead to HFF Preexisting heart disease, arrhythmias, anemia, hypertension, hypovolemia, acidosis, hypoxia and negative inotropic or inappropriate use of vasodilator drugs trigger or contribute to develop of HFF

Cases with AHF complicating ACS should be taken into CCU as soon as possible. Antiplatelet agents, heparin, nitrates (if SBP is \>90 mm Hg) and nasal oxygen should be given as the initial therapy immediately after establishing the diagnosis. IV morphine may be considered in patients with ongoing or recurrent angina despite nitrates treatment. However, as data of CRUSADE trial ([@ref111]) showed that morphine is associated with an increased mortality in patients with unstable angina and non ST-segment elevated MI, this treatment should not be given unless necessary.

The cornerstone of treatment consists of revascularization (thrombolytic, percutaneous coronary intervention or coronary bypass surgery) ([@ref112]). If revascularization cannot be performed immediately or performed revascularization is inadequate, care should be taken that pharmacological treatment does not impair coronary perfusion (hypotension should be avoided and LV end-diastolic pressure should be kept at optimal level) and not increase oxygen demand of myocardium (heart rate and contractility should not increase).

SBP is the most important determinant of in-hospital, short- and long-term mortality ([@ref13]). In cases with SBP \<90 mm Hg, serious hypotension may be the result of hypovolemia, arrhythmias, left and right ventricular dysfunction, mechanical complications due to MI, use of vasodilators or fibrinolytics, concomitant sepsis or pulmonary emboli. Generally, hypovolemia is considered if LVEF is \>35%. If EF is \<35%, pump failure due to myocardial damage is the main reason of hypotension, but hypovolemia may also be an accompanying factor. Hypovolemia can be determined by clinical findings or right heart catheterization when necessary. In the absence of overt pulmonary congestion, fluid administration may be helpful for differential diagnosis. Indicator of an optimal preload achieved by fluid administration is PCWP which should be \~18 ([@ref15]-[@ref20]) mm Hg. If hemodynamic improvement cannot be established IABP or short-term vasopressor agents should be considered. If mean arterial pressure cannot be increased over 65 mm Hg, heart transplantation or long-term assist device implantation as bridge to transplantation should be planned according to the patients' status. For directing treatment of mechanical complications in ACS [Table 15](#T15){ref-type="table"} maybe helpful.

###### 

Echocardiographic findings and treatments of mechanical complications which may develop in patients with acute coronary syndromes

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Diagnosis                                 Echocardiographic findings                                                                     Initial treatment                  Advanced treatment
  ----------------------------------------- ---------------------------------------------------------------------------------------------- ---------------------------------- -------------------------------------
  Right ventricular myocardial infarction   •Supports ECG and clinical findings\                                                           •Stop nitrates\                    •PCI/Thrombolytic\
                                            •Right ventricular dilatation\                                                                 •Dont give diuretics\              •IABP\
                                            •Movement disorder on right ventricular free wall                                              •Load fluid\                       •Inotropic treatment (levosimendan)
                                                                                                                                           •Correct bradycardia               

  Free wall rupture                         •Pericardial effusion\                                                                         •Pericardiosynthesis\              • Emergency surgery
                                            •Tamponade\                                                                                    •Load fluid\                       
                                            •Echogenic particules in effusion                                                              •IABP                              

  Ventricular septal rupture                •Location, size, Qp/Qs\                                                                        If stable with medical treatment   •Coronary angiography\
                                            •Right heart catheterisation if findings are uncertain                                                                            •Immediate surgery

  If hemodynamic unstability\               •Coronary angiography\                                                                                                            
  •IABP\                                    •Emergency surgery                                                                                                                
  •Intubation\                                                                                                                                                                
  •Right heart catheterisation                                                                                                                                                

  Acute mitral regurgitation                •Acute mitral regurgitation\                                                                   If stable with medical treatment   •Coronary angiography\
                                            •Papillary muscle rupture\                                                                                                        •Immediate surgery
                                            •TEE if findings are uncertain\                                                                                                   
                                            •If TEE is not adequate: Right heart catheterisation (to exclude ventricular septal rupture)                                      

  If hemodynamic unstability\               •Coronary angiography\                                                                                                            
  •IABP\                                    •Emergency surgery                                                                                                                
  •Intubation\                                                                                                                                                                
  •Right heart catheterisation                                                                                                                                                

  Dynamic LV outflow tract obstruction      •Akinetic apex\                                                                                Drugs to be discontinued\          Drugs to be given: Beta-blocker
                                            •Hyperdynamic basal IVS\                                                                       •Inotropics\                       
                                            •Systolic anterior motion (SAM)                                                                •Nitrates\                         
                                                                                                                                           •IABP                              
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ECG - electrocardiography; IABP - intra-aortic balloon pump; IVS - interventricular septum; PCI - percutaneous coronary intervention; Qp/Qs - ratio of pulmonary flow (Qp) to systemic flow (Qs); TEE - transesophageal echocardiography

The cornerstone of the management is to provide coronary reperfusion. Vasodilators and inotropic or vasopressor treatments for appropriate cases combined with ACS-specific therapy should be given. High dose diuretic treatment should be avoided in AHF due to ACS, as these patients are usually euvolemic.

Clinical scenario 5: Acute right heart failure

Right heart failure effects morbidity and mortality negatively in both chronic and acute HF. Right HF and pulmonary hypertension due to left HF cause excessive increase in right ventricular filling pressure and lead to increased venous pressure in splanchnic bed. This situation results in edema and endotoxemia on intestinal wall with permeability problems and in decrease of absolute glomerular pressure (renal arterial pressure-renal venous pressure) in kidneys. Renal venous pressure, in other words central venous pressure is accepted as the most important reason for renal perfusion decrease and renal dysfunction. In these patients, it is important to decrease right side pressures by appropriate vasodilator and diuretic treatment combination. Diuretic treatment may remain ineffective in cases with persistently high venous pressure.

In right sided AHF, fluid loading is usually not effective. Inotropic treatment is recommended in case of hypotension and hypoperfusion. It should be kept in mind, that mechanical ventilation may further deteriorate clinical findings by increasing pulmonary resistance. Etiology-specific treatments, like revascularization and intra-aortic balloon pump for right ventricular MI or thrombolytic and anticoagulant treatment for right sided HF due to pulmonary embolism, should be considered.

6.2 Cardiorenal syndrome {#sec2-12}
------------------------

The interaction between cardiac and renal diseases is bidirectional. Acute or chronic HF affects renal functions as acute and chronic renal diseases effect heart. The term "cardiorenal syndrome" (CRS) is used to express this interaction. CRS has 5 types ([@ref113]):

Type 1 - Acute renal damage developed due to AHFType 2 - Progressive chronic renal disease developed due to chronic cardiac dysfunction (e.g. chronic HF)Type 3 - Acute cardiac dysfunction developed due to sudden primary renal failure (e.g. renal ischemia or glomerulonephritis)Type 4 - Cardiac dysfunction such as arrhythmias and CAD or HF developed due to primary chronic renal disease (renocardiac syndrome).Type 5 (secondary) - Development of both cardiac and renal dysfunction as a result of acute or chronic systemic diseases (e.g. sepsis, diabetes).

Frequency of moderate to severe renal failure (eGFR\<60 mL/min/1.73 m^2^) is approximately 30-60% in HF patients. In Acute Decompensated Heart Failure National Registry (ADHERE) study ([@ref114]), chronic kidney disease (serum creatinine \>2.0 mg/dL) was detected in 30% of the patients hospitalized due to HF. Average eGFR was 55 mL/min/m^2^ and normal values (\>90 mL/min/1.73 m^2^) were detected in only 9% of the patients. Type 1 or type 2 CRS may develop during the treatment of HF, even if the initial renal functions are normal. An increase of 0.3 mg/dL in serum creatinine, which occurs generally in first 3-5 days of hospitalization, was reported in \~20-30% of patients in different series ([@ref115], [@ref116]). Risk factors enhancing development of renal dysfunction in HF patients include previous HF, history of diabetes, uncontrolled hypertension and a baseline creatinine \>1.5 mg/dL.

### 6.2.1 Pathophysiology and clinical findings {#sec3-12}

There is a complicated pathophysiologic relation between two insufficient organs and each of them may affect the other by similar hemodynamic, neurohormonal and immunologic/biochemical feedback pathways. A common opinion about renal dysfunction developed during AHF is that; renal dysfunction is directly a result of decrease in renal blood flow in patients with decreased LV systolic functions. However, recently obtained data indicate that neurohormonal activation, central venous congestion, anemia and oxidative stress play a complex role in CRS development.

There is no linear relationship between cardiac output, renal blood flow and renal dysfunction. If contractility, heart rate and cardiac index increase with clinical inotropic treatment, a short term increase in urine volume is also observed. Nevertheless, inotropic treatment is not associated with an improved prognosis in CRS. In Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness (ESCAPE) trial ([@ref117]), increase of cardiac index was not associated with a recovery in renal functions.

Another factor that decreases GFR independent from renal blood flow is hypotension, which is reported in 2% of patients hospitalized with decompensated AHF. The most important determinant of cardiovascular circulation is pressure gradient in capillary network system. As long as an adequate capillary arterio-venous pressure gradient is maintained, blood stream increases (Poiseuille law). If arterial pressure decreases or venous pressure increases, capillary gradient and therefore blood stream decreases. In cases with increased central venous pressure (CVP) like in HF, glomerular pressure gradient which is a capillary network also decreases. Renal blood flow is affected from pressure increase in efferent arterioles more than pressure decrease in afferent arterioles. Thus, it is suggested that decrease in both urine volume and renal blood flow is associated with renal venous pressure increase rather than the decrease in arterial pressure ([@ref118]).

A higher CVP was detected in hospitalized AHF patients with renal dysfunction and relationship between CVP and renal dysfunction was reported to be independent from SBP PCWP and cardiac index. Another finding that supports the role of increased CVP (and renal venous pressure) is the association of cervical venous distention with high serum creatinine, hospitalization due to HF and mortality risk ([@ref119]).

It is important to differentiate CRS from underlying renal disease in HF patients with increased serum creatinine and/or decreased eGFR. Making this differentiation is not always possible and in some patients both can be possible. Significant proteinuria (generally \>1000 mg/day), hematuria together with urinary sediments, small size of kidneys in radiologic evaluation suggest underlying renal disease. A normal urine test is typical for CRS; however, it should be remembered that urine tests may also be normal in nephrosclerosis and obstructive nephropathy. Blood urine nitrogen/creatinine ratio (BUN/Cre) is frequently used to differentiate pre-renal from renal azotemia. Increased BUN/Cre ratio (\>20) typically indicates pre-renal etiology (if there is no increase in urine production). Diuretic treatment should not be withheld in HF cases with increased BUN/Cre ratio if marked congestion exists. Urine sodium excretion may be helpful while making up this decision. As RAAS and sympathetic nervous system are activated in HF, sodium retention increases and urine sodium concentration is expected to be \<25 mEq/L. However, this value may increase a little during diuretic administration.

### 6.2.2. Treatment {#sec3-13}

Diuretics

Effect of diuretic treatment on GFR is considerably variable in HF patients. In some patients, diuretics increase serum creatinine by decreasing cardiac filling pressure and cardiac output, whereas others do not experience any change in LV enddiastolic pressure, cardiac output and serum creatinine. In some patients, a decrease in serum creatinine is observed with diuretic treatment as a result of recovery of LV filling and functions by a decrease in intra-abdominal, renal venous and right ventricular dilatation (reverse Bernheim phenomenon).

There is no randomized controlled trial investigating the effect of loop diuretics on cardiovascular endpoints in type 1 CRS patients. Nevertheless, it is unacceptable to leave AHF patients with congestion. If clinical congestion exists, a high creatinine level does not impede diuretic administration; moreover, renal functions may recover by diuresis in patients with serious congestion and renal dysfunction. However, it is not possible to predict which patient will recover by diuretic treatment prior to treatment.

Best clinical results in decompensated AHF were obtained in patients in whom fluid was aggressively removed despite causing low-moderate intensity damage to renal functions. Hemoconcentration (described as increase in at least two of hematocrit, serum albumin or serum total protein values) which is the indicator of fluid loss in trials was found to be related with renal dysfunction and mortality decrease ([@ref120]). Renal function in these patients generally return to normal within four weeks after hospital discharge. Hemoconcentration developed in late rather than early phase of hospitalization is related to high dose diuretic administration, more weight loss and survival improvement ([@ref121]). Patients who developed hypotension or renal dysfunction during diuretic treatment should receive diuretics at decreased doses.

Renin-angiotensin-aldosterone-system antagonists

From HF or renal insufficiency whichever is the primary one, renin angiotensin aldosterone system (RAAS) causes progression of other disease by activating angiotensin II and reactive oxygen products ([@ref122]). Oxidative damage is considered among the factors in CRS development.

GFR decreases in most of the AHF patients following initiation of RAAS antagonists, but a moderate increase may also be observed in some patients. In analyses investigating effects of RAAS antagonists in HF patients with chronic renal diseases, it was determined that benefits of these drugs are not effected by renal dysfunction; but hyperkalemia and deterioration of renal dysfunction may be observed at a higher level ([@ref123], [@ref124]). Increase in serum creatinine is expected to be much higher in patients with low BP who take diuretics concomitantly. In these patients, mild creatinine elevation should be monitored, and in further increases diuretic dose should be diminished as the first measure. If they are considered to cause significant renal dysfunction, they should be discontinued. RAAS blockers are usually not prescribed in AHF patients during discharge, because of concern of renal dysfunction. However, they are definitely beneficial in HF and morbidity and mortality increase in patients who have discontinued of these drugs. RAAS blocker titration should be closely followed particularly in patients with chronic renal disease.

Role of mineralocorticoid receptor antagonists (MRA) is unknown in CRS treatment. Data regarding use of spironolactone in HF patients at a dose of diuretic effect (at least 50 mg/day) are limited. Sodium retention is prevented completely and atrial natriuretic peptide was decreased significantly by giving 200 mg spironolactone two times daily to severe HF patients with diuretic resistance ([@ref125]). Today, natriuretic doses of MRA's and effects of these doses in AHF and CRS patients are not adequately known and more extensive trials are required.

Vasodilators

The beneficial effects of intravenous vasodilators on renal functions and mortality could not be confirmed. In ADHERE registries including approximately 100.000 AHF patients, renal dysfunction developed more frequently in patients who received vasodilators in addition to intravenous diuretic treatment ([@ref126]). However, a causal relationship cannot be established, because HF patients who received combination treatment were in advanced HF stage.

Effects of nesiritide; a synthetic natriuretic peptide, on renal functions were much more debated. In a meta-analysis of seven multi-center randomized controlled trials, significant renal dysfunction was detected in AHF patients who were given nesiritide treatment ([@ref127]). Conversely, in two recent randomized controlled trials, nesiritide did not disturb renal functions despite not providing clinical benefit ([@ref63], [@ref104]).

Inotropic drugs

Inotropics are not routinely used except for selected AHF patients or cardiogenic shock. Their role in CRS treatment is unclear. Inotropic drugs are expected to improve renal functions by increasing renal blood flow and probably decreasing renal venous pressure. However, findings that support this expectation were only observed in patients receiving dopamine. Dopamine doses which increase blood flow are \<3 pgr/kg/min and this effect is considered to be dependent on dilatation dopamine exerts in both large and small resistant renal vessels ([@ref128]). Nevertheless, clinical effectiveness and safety of dopamine in CRS patients could not be proven.

Ultrafiltration

Ultrafiltration is usually applied in patients with diuretic resistance and/or renal dysfunctionin AHF (See Section 4.3.3). Current international guidelines indicate that ultrafiltration can be applied if urine output is \<20 mL/h despite standard treatment in acute pulmonary edema; however, its effectiveness and safety is not adequately known.

Vasopressine antagonists (Aquauretics)

In Efficacy of Vasopressin Antagonism in Heart Failure Outcome Study with Tolvaptan (EVEREST) study ([@ref64]), urine output was increased in patients receiving tolvaptane and serum creatinine increase (0.03 mg/dL versus 0.08 mg/dL) was statistically significant compared to placebo, but it remained clinically insignificant. Trials investigating role of tolvaptane in CRS are still continuing.

Adenosine-AI receptor antagonist

PROTECT study ([@ref129]) investigated effects of rolofylline, an adenosine-A1 receptor antagonist in hospitalized AHF patients with renal dysfunction. Frequency of cardiovascular endpoints and renal dysfunction were similar with selective adenosine A1 receptor antagonist to placebo, moreover neurologic adverse events (stroke and seizure) were frequent in patients receiving rolofyllin.

Serelaxin

In studies performed in AHF patients with serelaxin, there was no increase in new onset renal failure and besides, adverse events related to renal dysfunction developed less compared to placebo. Patients required less intravenous diuretic and vasoactive drugs ([@ref74], [@ref75]). Ongoing phase 3 RELAX-2 study is expected to give more detailed information regarding serelaxin use in CRS patients.

7. Discharge from hospital and long-term objectives and strategies after hospitalization {#sec1-7}
========================================================================================

For patients admitted with decompensated AHF, determining the optimal time of discharge is important for further morbidity and HF hospitalizations. Although there is an impetus to shorten hospital stay, discharging these patients too early when they are not adequately compensated can lead to persistent and recurrent HF decompensations and HF hospitalizations. At the time of discharge, the patient should be hemodynamically stable. That is, the patient should not be hypotensive, and hypertension should be well controlled. Any active rhythm problems such as bradycardia and rate control for atrial fibrillation should be addressed and no significant ventricular arrhythmias should be present. Levels of serum electrolytes and other major laboratory markers must be stable and the patient must be at least near to euvolemia. Other than clinical judgment, no other surrogate markers are currently required in deciding or targeting for discharge readiness. Although high BNP concentrations are associated with a poor prognosis, and a drop in BNP levels correlates with a better prognosis, a BNP-guided treatment in decompensated AHF has demonstrated conflicting results. Thus, it is still recommended to clinically assess the patient's readiness for discharge rather than basing the decision on the level of BNP as an inpatient. However, the ACC/AHA guidelines do state that clinical risk-prediction tools and/or biomarkers can be used to identify patients at higher risk for post-discharge clinical events ([@ref3], [@ref130]).

At the time of discharge, the patient must be switched from IV diuretic therapy to oral diuretic therapy and should be stable on the oral regimen. Furthermore, guideline directed medical therapy must be started and if not, the reason for not starting should be documented. Initiation and continuation of evidence-based heart failure medications has been demonstrated to significantly improve clinical outcomes for patients with systolic HF ([Table 16](#T16){ref-type="table"}) ([@ref2], [@ref3], [@ref131]). However, caution is advised in certain patient groups such as the patients who were on inotropes during hospitalization and beta-blockers will be initiated and the patients with renal insufficiency or at risk for hyperkalemia for which therapy with angiotensin converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARB) or aldosterone antagonists is planned. Ideally, the plan for medical therapy in the outpatient setting should be outlined in the discharge summary, that is, plan for up titration or addition of medications. If the patient does not have a device, the need for device therapy should be assessed (implantable defibrillator and cardiac resynchronization therapy) and plan for implantation should be outlined ([@ref2], [@ref3]).

###### 

Guideline directed medical therapy for heart failure-medications shown to improve survival[\#](#t16f1){ref-type="table-fn"} ([@ref2], [@ref3])

                                                      Daily starting dose               Daily target dose
  --------------------------------------------------- --------------------------------- -------------------------------
  **Angiotensin converting enzyme (ACE) inhibitor**                                     
  Captopril                                           6.25 mg t.i.d                     50 mg t.i.d
  Enalapril                                           2.5 mg b.i.d                      10-20 mg b.i.d
  Lisinopril                                          2.5-5 mg o.d                      40 mg o.d
  Ramipril                                            1.25-2.5 mg o.d                   5 twice or 10 mg o.d
  Trandolapril                                        0.5-1 mg o.d                      4 mg o.d
  **Beta-blocker**                                                                      
  Bisoprolol                                          1.25 mg o.d                       10 mg o.d
  Carvedilol                                          3.125 mg b.i.d                    25-50 mg b.i.d
  Metoprolol succinate (CR/XL)                        12.5-20 mg o.d                    200 mg o.d
  Nebivolol[\*](#t16f2){ref-type="table-fn"}          1.25 mg o.d                       10 mg o.d
  **Angiotensin receptor blocker**                                                      
  Candesartan                                         4-8 mg o.d                        32 mg o.d
  Valsartan                                           40 mg b.i.d                       160 mg b.i.d
  Losartan                                            50 mg o.d                         150 mg o.d
  **Aldosterone antagonists**                                                           
  Eplerenone                                          25 mg o.d                         50 mg o.d
  Spironolactone                                      25 mg o.d                         25-50 mg o.d
  **Hydralazine and isosorbide dinitrate**                                              
  Hydralazine                                         25 to 50 mg t.i.d or four times   300 mg daily in divided doses
  Isosorbide dinitrate                                20 to 30 mg t.i.d or four times   120 mg daily in divided doses

Modified from ESC 2012 and ACCF/AHA heart failure guidelines

Recommended by ESC but not by ACCF/AHA guidelines

Prior to discharge, comprehensive HF education should be completed with the patient and caregivers. This includes educating the patient on the nature of the disease, medications to be taken, diet, fluid intake, factors that may cause HF decompensation, signs and symptoms of HF decompensation, what to do if symptoms worsen, monitoring of weight and vitals (blood pressure and heart rate) and recommended activity level ([@ref132]). Written instructions and educational material should be given to the patient and family to review at home ([Table 17](#T17){ref-type="table"}). Several national societies provide resources for patients and many centers have put together their own education pamphlets ([@ref133], [@ref134]). Thorough communication of discharge instructions together with close outpatient follow-up has demonstrated improved outcomes in these patients ([@ref135]). Moreover, an additional 1 hour teaching session with a nurse at the time of hospital discharge has been shown to improve compliance, decrease risk of rehospitalization or death at lower costs of care ([@ref136]).

###### 

Patient discharge instructions

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Dispostion/                                                                  • Home with home health care
  ---------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------
  discharge to                                                                 •Inpatient rehabilitation facility\
                                                                               •Palliative care (home or inpatient)

  Activity                                                                     • Restricted, as tolerated, rehabilitation\
                                                                               •Return to work\
                                                                               •Return to driving

  Diet/fluid restriction                                                       • Fluid intake 1.5-2 L/day\
                                                                               • Sodium restriction (2-3 g/day

  Medications                                                                  •Anticoagulation medications\
                                                                               •Antiarrhythmic agents\
                                                                               •HF medications

  Follow-up                                                                    •Follow-up appointments\
                                                                               •Laboratory tests\
                                                                               •Imaging tests\
                                                                               •Referral to electrophysiologist (device therapy?)\
                                                                               •Cardiology (preferably HF) clinic visit

  Weight log                                                                   •Take log book to doctor\'s visit\
                                                                               •Call provider if you gain 1.5-2 kg over 2-3 days\
                                                                               •Weigh every day at same time and write it in log book

  Vitals log                                                                   •Heart rate\
                                                                               •Blood pressure

  Smoking                                                                      • Assess the status,

  cessation                                                                    •Advice and assist to quit,\
                                                                               •Arrange a smoking cessation programme

  Alcohol limitation/elimination                                               • 2 units per day in men or 1 unit per day in women. 1 unit is 10 mL of pure alcohol (e.g. 1 glass of wine, 1/2 pint of beer, 1 measure of spirit).

  Discuss symptom recognition and management                                   •Inform patients on dyspnea and signs/symptoms of congestion\
                                                                               •Educate regarding self-adjusting their diuretic doses by monitoring their congestive symptoms and signs as well as daily body weights

  Contact numbers for during office hours and after hours questions/concerns   • Stay connected with the patients by telephone monitoring programs
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

As with any other cardiovascular admission, cardiovascular risk factors and other co-morbidities should be addressed during the hospitalization and patients should be counseled with respect to better controlling these risk factors, eg. dietary counseling for diabetics, diet and exercise, weight loss, sleep apnea, smoking cessation and alcohol moderation.

A smooth transition from inpatient to outpatient care can be challenging in HF patients due to the complex nature of the disease, associated co-morbid conditions, multiple medications and various specialties involved in the care of the patients but is critical for maintaining patients in an optimized state and improving long-term outcomes. Key to ensuring optimal outpatient care and preventing rehospitalization is deciding on the most advantageous disposition for the patient, that is, home with or without home health care, nursing home, rehabilitation facility or palliative care. The patient's functional capacity and ability to ambulate should be assessed (if possible with the help of physiotherapists) prior to discharge and respective arrangements made depending on the patient's ambulatory status. If available, it is helpful to use case management and social work services to aid in the decision making and organizing. An outpatient disposition strategy should be delineated for each patient individually. In general, a follow-up clinic visit should be scheduled at 7-10 days after discharge with plan to check laboratory studies for monitoring of renal function and electrolytes ([@ref3], [@ref137], [@ref138]).

A little more stringency is advised for patients with advanced HF and recurrent HF decompensations/hospitalizations. Prior to discharge, these patients should be stable on an oral medication regimen for at least 24 hours, that is, they should be stable on oral diuretics and intravenous vasodilators and inotropes (unless they are discharged with home inotropic therapy). For these high risk patients, plans for close follow-up should be made by ensuring monitoring devices are available at home (such as scales and blood pressure monitors) and home health care/visiting nurse arranged for certain patients. There should be a follow-up by a visiting nurse or telephone call within 3 days of discharge ([@ref3], [@ref132], [@ref133]). The ACC/AHA guidelines, recommend that these patients at high risk for hospital readmission be referred to multidisciplinary HF disease-management programs to reduce the risk of rehospitalization for HF ([@ref3], [@ref130], [@ref139], [@ref140]). A systematic review of several trials has demonstrated that specialized multiprofessional outpatient care reduced mortality by 25%, HF hospitalizations by 26%, and all-cause hospitalizations by 19% ([@ref130]).

A comprehensive all-around discharge preparation of the ADHF patient and family is vital for a good patient outcome in the long run ([Table 18](#T18){ref-type="table"}). Individual hospitals have devised their own discharge checklists for the physicians to ensure that all aspects of care have been addressed. In a small study of 96 patients, a checklist was used prior to discharge by physicians in the care of 48 patients. The remaining 48 patients were discharged in a conventional manner. The patients who were discharged using the checklist, were more likely to be on ACE inhibitors or ARBs, had a higher rate of dose uptitration for ß-blockers and/or ACE inhibitors/ARBs and demonstrated a lower 30-day (19% to 6%) and 6-month (42% to 23%) readmission rate ([@ref141]). The results of this small study are promising but will have to be replicated in a randomized fashion and on a larger scale.

###### 

Physician discharge checklist

  ------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------
  Disposition: assess with help of case manager, social worker, physiotherapist   • Home with physical therapy or arranged cardiac rehabilitation\
                                                                                  • Inpatient rehabilitation\
                                                                                  • Palliative care

  Precipitating factors for HF decompensation identified and addressed            • Arrhythmias\
                                                                                  • Myocardial ischemia\
                                                                                  • Non-adherence to medication\
                                                                                  • Non-adherence to diet\
                                                                                  •Hypertension\
                                                                                  •Infections

  Medications: Yes, No, Reasons for not prescribing/contraindications             • Medications for AF: antiarrhythmics, anticoagulation\
                                                                                  • Medications for CAD,: ASA, statins\
                                                                                  •Antidiabetics\
                                                                                  •Influenza and pneumococcal vaccination\
                                                                                  •HF medications (including digoxin, ivabradin, nitrates, LCZ 696, etc.)

  Device therapy:                                                                 •Assess indication\
                                                                                  •Electrophysiology/arrhythmia consult if indicated

  Counseling                                                                      •Fluid intake\
                                                                                  •Diet\
                                                                                  •Daily weights +/- vitals\
                                                                                  •Educate on HF symptoms and what to do\
                                                                                  •Education on medications, importance of compliance, potential side effects\
                                                                                  •Physical activity\
                                                                                  •Address risk factors: smoking, alcohol, weight loss\
                                                                                  •Preferred if available: Enhanced teaching by HF nurse, teaching by dietitian/nutritionist

  Follow-up                                                                       •Dietitian\
                                                                                  •Laboratory tests\
                                                                                  •Testing: chest x-ray, echocardiogram, stress test, ECG, etc.\
                                                                                  •Physicians (primary care physician, cardiologist, electrophysiologist, other specialists)
  ------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------

AF - atrial fibrillation; ASA - acetylsalicylic acid; CAD - coronary artery disease; ECG - electrocardiogram; HF - heart failure

An algorithm summarizing the approach to the diagnosis and management of AHF from emergency department until discharge is presented in [Figure 3](#F3){ref-type="fig"}.

![Algorithm for diagnosis and management of acute heart failure\
ACEI - angiotensin converting enzyme inhibitor; ARB - angiotensin receptor blocker; BIPAP - bilevel positive airway pressure; CPAP - continuous positive airway pressure; CRS - cardiorenal syndrome; CRT - cardiac resynchronization therapy; ECG - electrocardiogram; IABP - intra aortic balloon pump; ICD - implantable cardioverter defibrillator; MRA - mineralocorticoid receptor antagonist; RAS - renin-angiotensin aldosteron system; SBP - systolic blood pressure; SpO~2~ - partial pressure of arterial oxygen; USG - ultrasonography](AJC-15-860-g003){#F3}

7.1 Following discharge {#sec2-13}
-----------------------

Following discharge, patients should be seen in the outpatient clinic within 7-10 days ([Table 19](#T19){ref-type="table"}). During the outpatient clinic visit, a thorough history with focus on symptoms of HF decompensation should be obtained. The activity level of the patient should be documented and which symptoms limit the activity level. The patient should be questioned on adherence to dietary instructions (fluid restriction, low salt) and medications. It should be noted if the patient is having any side effects to the medications or any difficulty taking them. The home weight, blood pressure and heart rate log should be reviewed and discussed with the patient. A thorough examination should be performed with focus on the cardiovascular system. Laboratory tests, specifically electrolytes and renal function may also be obtained on the first post-discharge visit.

###### 

Parameters to assess on follow-up clinic visits

  ------------------------------------------------- -----------------------------------------------------------------------------------------
  History                                           •Signs and symptoms of HF decompensation\
                                                    •Confirming patient\'s understanding of disease process and symptoms to watch out for\
                                                    •Any hospitalizations, admission to emergency department, visits with other physicians\
                                                    •Review with patient and family weight, blood pressure, heart rate log

  Life style                                        •Confirming patient\'s understanding and adherence to diet and fluid restriction\
                                                    •Activity level

  Medications                                       •Any changes in medications since last visit/discharge\
                                                    •Compliance, medication reconciliation\
                                                    •Any difficulty taking medications: side effects, affordability

  Testing                                           •Laboratory tests (eGFR, electrolytes, BNP etc.)\
                                                    •Other (as needed): ECG, chest X-ray, echocardiography, stress testing, etc.

  Medication uptitration or addition as tolerated   • Aim for target doses of beta-blockers, ACE-inhibitors\
                                                    • Adding ivabradine, LCZ696 etc.
  ------------------------------------------------- -----------------------------------------------------------------------------------------

ACE - angiotensin converting enzyme; BNP - B-type natriuretic peptide; ECG - electrocardiogram; eGFR - estimated glomerular filtration rate HF - heart failure

If there are no contraindications, heart failure medications should be uptitrated gradually to the recommended goal dose. If the patient was not initiated on a beta-blocker in the hospital, addition of a beta-blocker should be considered if the patient is euvolemic and hemodynamically stable. During each clinic visit, it is important to reiterate the importance of compliance with diet, medications and daily weights and educate the patient on the expectations. The time of the next follow-up visit will depend on the patient's disease severity, level of compliance, etc. In high risk patients, regular telephone support in between clinic visits should be considered. Although, individual RCTs did not show a robust benefit, a meta-analysis of RCTs did demonstrate a decrease in risk of HF hospitalization with this strategy ([@ref142], [@ref143]). Other than clinical follow-up, no other surrogate markers have been shown to reliably predict or recognize early worsening heart failure. Serial BNP monitoring has not been shown to be superior to clinical assessment and is not indicated other than to confirm clinical deterioration ([@ref144], [@ref145]). Moreover, monitoring thoracic impedance (non-invasive measure of intrathoracic fluid) and treatment decisions based on this has not beenshown to improve outcomes ([@ref139], [@ref146]). More recently, several implantable devices have been developed to measure pressures invasively in the outpatient setting. Although one trial did demonstrate a reduction in HF admissions when treatment was guided using the device, this strategy still has to be studied more closely before accepting it as a guideline recommendation ([@ref147]).

Several National Societies offer resources to educate physicians and patients on heart failure and outline strategies to improved quality of care in these patients, reduce rehospitalizations and improve long-term outcomes. The American Heart Association, for example, has promoted the campaign "Get with the Guidelines", a hospital-based performance improvement tool to help comply with evidence-based management of HF patients ([@ref148]). The strategies in this campaign have been shown to reduce 30-day mortality and readmission rates in patients admitted with ADHFF A further AHA initiative, Target: HF, supplies health care providers with resources and materials to improve HF awareness, prevention and treatment. This initiative focuses on outpatient strategies such as medication optimization, early follow-up care and coordination, care transitions and enhanced patient education to improve HF quality of care, reduce readmission and improve long-term survival ([@ref149]).

Although we have an armamentarium of medications and devices available for the treatment of HF, the outcomes in patients admitted with ADHF are still grim and leave a lot of room, for improvement. Apart from implementing the use of medications and devices, there has been an effort to raise awareness of this public health problem. The focus has been on educating, disseminating and implementing strategies that will help improve outcomes in these patients such as repeated education, rigorous follow-up and easing transition of care from hospital to home. There is still a lot to be done in this respect, but the discussed strategies are a step in the right direction.
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